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Abstract
The structures of intramolecularly pentacoordinated silicon and tin complexes are 
reminiscent of structures that occur on an Sn2 reaction profile. The technique of NMR 
solution-phase mapping, whereby the degree of nucleophile-silicon bond formation and the 
coordination state of the silicon in such complexes is inferred from their and ^^Si 
NMR spectra, is extended to 2-thiopyridones (1) and (2).
R-
N ' S
I— k '
R = 6-Me 
S X = F, Cl, Br, OTf
, ^Me ®
X
. R = H, 4-Me, 5-CF3 
X = F, Cl, Br, OTf
(2)
The suitability and limitations of several classes of compound as models for zero 
substitution and 100% substitution is also investigated. An extensive variable temperature 
NMR study (-50 to +50°C) of compounds of type (1) and (2) has been performed and 
shows that different ‘degrees of substitution’ occur at different temperatures within a 
single complex.
The Dunitz solid-state structural-correlation approach to reaction pathway 
modelling is combined with a solution phase NMR study of the structure of the quinoline 
complexes (3). This is the first time that a joint investigation of such compounds in the 
solid-state and in solution has been undertaken. We have also isolated the first 
pentacoordinated protonated silanol complex (4). Its structure provides an insight into the 
species that might occur during the hydrolysis reactions of chlorosilanes.
I Me (4)Si-
I
X
Me
X = F, Cl, Br, OTf
;.\\Me 
^Me
OH.
Sn—X
Cl'.H.O
X = Ph, Cl, Br,I 
Y = 0 ,S
Z = O, NMe, NAr
To expand the scope of the NMR solution-phase mapping technique, we attempt to 
model Sn2 substitution at tin in solution using complexes based on the natural product 
‘maltol’ (5). NMR spectroscopy shows a high ‘degree of substitution’ occurs in each 
complex which is largely independent of leaving group or ligand substituent. These 
structures are investigated by X-ray crystallography.
The affect of nucleophile N-methyl imidazole on a five coordinate sihcon complex 
is studied and compared to the reaction of its tin analogue. Prehminary work on identifying 
complexes suitable for modelling substitution at boron and carbon centres is undertaken 
using maltol and related hgands.
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Chapter 1: Introduction 
Part A: Silicon
1.1: Overview
Relative to carbon, silicon has a much smaller tendency to form compounds of
coordination number less than four, such as silenes, silanones or silicenium ions, but a
pronounced capacity for the enlargement of its coordination sphere. Complex formation
was first observed early in the 19th century by Lussac and Davy^ when they reported the
S1F4.NH3 adduct. Later, in 1903, the hexacoordinate cationic complex [Si(acac)3]+
HCh" was reported by Dilthey^ and represented a new structural type for the element.
Isolable organosilicon compounds with a coordination number greater than four
generally contain halogen, oxygen or nitrogen ligands. The first notable exception^ came
r------------ »
in 1981 with the reported formation of the [CH2=CH-CH2(CH3)2SiCH2CH2CH2]' ion 
in the gas phase.
In the last 25 years the interest in hypervalent silicon compounds has grown 
considerably as the scope for additional coordination has been explored. New structural 
types, particularly those in which intramolecular coordination is favoured, have been 
developed and studies of permutational isomerization in pentacoordinate species have 
been vigorously pursued. Such studies are particularly relevant to the understanding of 
the stereospecificity generally observed in nucleophilic substitution reactions at silicon, 
in which pentacoordinated intermediates are usually involved.
1.2: Types of pentacoordinate silicon complex
Complexes of two main general types can be prepared, containing either inter- or 
intramolecularly coordinating ligands.
1.2.1: Intermolecular donation to an organosilane
Neutral complexes of silicon can be formed from coordination of an uncharged 
group V or VI donor to a tetravalent molecule; the first reported pentacoordinated 
complex being Lussac and Davy’s SiF4 .NH3 adduct.l Much of the work which 
established the readiness of silicon to expand its coordination sphere concerned the 
interaction of halotriorganosilanes with amines.^ In these reactions nucleophilic
- 1-
Me
W  A  W  
(1.1)
-1 +
cr
displacement of halide ion by amine often occurs with the formation of ionic adducts 
rather than hypervalent derivatives of silicon. Thus fluoro- and chloro-trimethylsilanes 
are coordinated only very weakly and reversibly by pyridine,^ making characterisation 
considerably difficult. Bromo- and iodotrimethylsilanes give the salts (CH3)3Si(py)+X' 
(X = Br, I).6 More recently studies of this trimethylsilyl series confirmed that where 
X = halogen, perchlorate or triflate the reagents either reacted to form ionic 
tetracoordinate complexes or did not react at all.^
Isolable complexes in which the coordination 
number is increased to five at the silicon are 
formed only when there is more than one 
electronegative group bonded to the parent 
organosilicon compound as in Sip4.NH3,l or 
with two monodentate ligands (1.1).^
1.2.2: Intramolecular donation to an organosilane
The most common way of inducing pentacoordination at silicon is to place the 
donor which leads to extra-coordination, most commonly halogen, N, O or S, in the 
same molecule as the silicon centre. This results in the formation of at least one 4, 5 or 6-
f membered ring of wliich the silicon is a member, for 
example (1.2).^ We will now consider ways in which 
J- such a large variety of complex types might be 
synthesised, and in so doing shed light on the range of 
structural types currently known.Ph
(1.2)
- 2-
1.3: Synthesis of pentacoordinate complexes
The syntheses of pentacoordinate complexes fall into three broad classes.
1.3.1: Coordination of anions to tetracoordinate silicon compounds 
A: Fluoride ion donation to an organosilane
Fluorosilanes SiF^, RSiFg (R = Me, Ph) and Ph2S iF 2 react with 
tetraalkylammonium fluorides in a 1:1 ratio to yield stable ionic c o m p o u n d s .  nmR^I 
and vibrationalspectra confirm that these compounds (SiFs", RSiF^" and Ph2SiF3’) 
are pentacoordinate at silicon.
Damrauer and Danahey have reported reactions of fluoride ion with cyclic silanes 
and uncovered a novel cleavage reaction which produces the a-silyl carbanion (1.4) as 
well as the expected pentacoordinate organofluorosilane anion (1.3) (Figure 1.1).13 
Figure 1.1
%
F
/ \ l .
\  Si— Me
F' + \  '  Me (1.3)
CH,'
/
F— Si^ (1.4) + C2 H4
Me Me
They also discovered that the presence of an 18-crown-6 ether greatly stabilises 
the formation of potassium salts of pentacoordinate fluorosilicates [RnSiFg.n]' 
(n=l-3).l4
B: Alkoxide donation to an organosilane
Damrauer and Danaheys work using potassium ion 18-crown-6 ethers to 
complex pentacoordinate anionic silicates has since been extended to the preparation of 
alkoxy- and aryloxysilicates, for example (1.5). 1^
PhnSi(OMe)4 -n + MeO'[K, 18-crown-6]+ -> [PhnSi(0 Me)5 _n]'[K, 18-crown-6]+
(n = 1-3) (1.5)
- 3-
The direct reaction of potassium alkoxide with trialkoxy- or aryloxysilane affords 
the anionic pentacoordinate silicon hydrides, (1.6), in good yield even without crown 
ether. 16
HSi(OR) 3 + ROK THF or [HSi(OR) 4] K+
DME
R = Me, "Bu, ®Bu,‘Pr, Ph.
C: Hydride ion donation to an organosilane
Potassium hydride reacts with trialkoxy- or triaryloxysilanes to produce the 
pentacoordinate anions (1.7) and (1.8).1^
HSi(OR) 3 KH [H jS^OR) 3]%* + [HSi(OR) 4]%^
(1.7) (1.8)
The formation of (1.8) was observed in all cases except when R = f r .  This has 
been explained using the following disproportionation reaction.
4[H2Si(OR) 3]'K'' ----------- ► 3[HSi(OR) J-K"" 4- SiH^ -k KH
(1.7) (1.8)
OR H
R O ^  I I '^ O R
OR R OR
(1.9)
The proportion of the [HSi(0 R)4]- ion is found to 
2- decrease with increasing steric bulk of the OR group 
and also decrease with increasing solvating power of 
the solvent. 18 The migration of OR and H groups 
between pentacoordinate species is proposed to take 
place through a dimeric hexacoordinate intermediate
(1.9).18
D: Coordination of an anion to a spirosilane
Müller and Heinrichl^ have demonstrated the preparation of two silicates (1.10) 
and (1.11) from their corresponding spirosilicates with lithium and sodium methoxide 
respectively.
- 4 -
MeO—  Si
(1.10)
Li+
MeO—  Si
Na‘
(1.11)
It has since been found^^ that simple amines are sufficiently basic to afford 
similar silicates (1.12) (Figure 1.2).
Figure 1.2
\
Si
MeOH Et oN MeO—  Si
2
(1.12)
/ EtgNH^
1.3.2: Substitution in a tri-functional organosilane 
A: Substitution by a bi-dentate ligand
Cyclic compounds (1.13), complexed through oxygen atoms, have long been 
known (Figure 1.3).2l 
Figure 1.3
OH
PhSi(OMe)3  + 2 oc Ph—Si. EtjNH*
Similar complexes (1.14) can also be prepared from trichlorosilanes and alkali 
metal catecholates (Figure 1.4).^^
Figure 1.4
OLi
RSiCla + 2
OLi
R’
R =
R—Si
Li'
- 5-
Aliphatic 1,2-diols react readily with tetra-alkoxysilanes to give pentacoordinate 
anionic complexes (1.15) (Figure 1.5).^^
Figure 1.5
HO
Si(OR) 4 + 2
HO
"BuNHc
R = Me, Et
RO— Si
(1.15)
"BUNH3+
Pentacoordinate cationic complexes (1.16) and (1.17) are formed by reaction of a 
l,3-diketone24 or tropolone^5 with a monoorganosilicon halide.
R -  Si
cr
R Si
+
(1.16) (1.17)
B: Substitution by triaikanolaniines and tris(2-aminoethyl)amines
Frye et were the first to report the 1:1 reaction of triethanolamine with a 
variety of tri-functional silicon substrates yielding monomeric silanes, (1.18), now 
commonly termed silatranes (Figure 1.6).
Figure 1.6
RSi(OR')
N OH + 3 R'OH
(e.g. R = Me, Cl, Ph) R
(1.18)
Frye and co-workers later prepared a variety of silicon substituted halo-, 
acyloxy-, siloxy- and hydroxy- complexes which resulted in further studies of their 
chemical and biological properties. Azasilatranes (1.19) (Figure 1.7) are similarly 
prepared by heating tris(dimethylamino)silanes with tris(2-aminoethyl)amine.27
- 6-
Figure 1.7
RSi(NMe 2) 3 +
NH,
C f h 3HNMe
H
Spectroscopic and structural data suggest a strong similarity in structure with 
silatranes but with an even stronger interaction between the silicon and the axial nitrogen 
atom.
1.3.3: Intramolecular donation by a neutral donor to an organosilane
As already mentioned, one of the simplest ways of inducing pentacoordination at 
silicon is to place a coordinating group in a different part of the molecule containing the 
silicon centre, commonly four or five bonds from the silicon atom. Coordination of the 
donor group results in cyclisation and formation usually of a new five- or six-membered 
ring. Coordination can be achieved in two ways.
A: Use of a 'rigid ligand' framework 
Figure 118
The neutral donor and silicon 
centre can be constrained into 
residing in within potential 
bonding proximity of each 
other by using a rigid ligand 
framework such as an 
aromatic ring. Complex 
(1.20)28 (Figure 1.8) is such 
an example.
B: Use of an open chain' framework
Open chain donors have a greater number of degrees of freedom for possible 
coordinating interactions than rigid ligand donors. This allows a donor group the
NMe NMe
BuLi
PhSiH
ClHPhSi NMe- NMe
N-chloro-
succinamide
(1.20)
- 7-
possibility of residing in positions other than the optimal bonding distance from the 
silicon atom. This opens up a wider range of possibilities for donor-silicon interaction. 
In these cases the degree of interaction is much more dependant on the nature of the 
substituents attached to the silicon atom.
Structures (1.21)2^, (1.22)30 and (1.23)31 are examples of such complexes 
(Figure 1.9). Compound (1.21) is made by the same method as (1.20) but from the 
corresponding amine.
Figure 1.9
MezN— ►SiHPhCl
(1.21)
N
BuLi 
-90°C
NHMe
N SiF.
NMeLi
°  aCHîSKOEOs W Sl(OEt)j
AR OK 
(R = p-chlorophenyl)
A JR O
O  ►SiF.
(1.23)
The extent of donor-acceptor interaction may be determined in the solid state by 
X-ray crystallography, giving the donor atom-silicon distance, or in solution using IR 
and especially NMR data. These techniques will be discussed later in this introduction.
1.4: Fluxionality of pentacoordinate silicon
Early work by Klanberg and Muetterties32 on dynamic l^F NMR spectroscopy 
of pentacoordinate fluorosilicates suggested that these trigonal-bipyramidal complexes 
underwent rapid intramolecular exchange of fluorine ligands. However, impurity- 
catalysed intermolecular exchange of fluorine ligands cast doubt on the intramolecular 
exchange mechanism. Later studies33 showed that in the series of ions [RnSiF5.nI' 
where n=l (R = ^Pr, %u, mesityl, benzyl and o/m/p-tolyl), the exchange process is so 
rapid on the NMR time scale across the temperature range -100 to +30°C that only a
- 8 -
single resonance is observed. The persistence of 29sj_l9p coupling verifies the 
intramolecular nature of site exchange. However ions where n=2 provide limiting low 
temperature spectra in which axial (low field) and equatorial (high field) fluorine atoms 
may be distinguished. Free energies for activation of intramolecular rearrangement could 
be calculated in the region of 9-12 kcal moTT The precise value depends on the steric 
bulk of the R groups which hinder the rearrangement.
VT iR NMR studies^^ of monofunctional derivatives (1.24) and bifunctional 
derivatives (1.25) (X^^R) reveal increasing intramolecular pentacoordination on 
temperature reduction. This is demonstrated by the splitting of the diastereotopic 
N-methyl groups into two discrete signals. They become diastereotopic as a result of 
complexation with the chiral silicon centre.
Me R Me X
Me
Me
(R = R, a-Np) (X = OEt, SEt, F, Cl)
(X = F, Cl, Br, OR, SR)
(1.24) (1.25) (1.26)
Such VT studies allow the evaluation of the free energy of activation for ring 
opening, and values in the region of 8-15 kcal mol’l have been calculated. This 
demonstrates the greater stability of the chelated form over the ring-opened form. The 
order of increasing activation energy for ring opening was found to depend on X in the 
order X = R < OR < R < F < SR < OAc < Cl < Br.
It can be concluded that the extent of nitrogen coordination is not a function of the 
electronegativity of X, but depends on the polarisability of the Si-X bond under the 
influence of the coordinating donor atom. Corriu has proposed^^ that the stability of 
extra-coordinate silicon complexes is controlled largely by the tendency of the Si-X bond 
to be stretched under the influence of an incoming ‘nucleophile’.
As the activation energies for ring opening of chelates (1.24) and (1.25) and the 
free energies of intramolecular rearrangement for the [R2SiF3]' ions discussed above, are 
very similar, it can sometimes be unclear as to the mechanism that the rearrangement
- 9-
might take. There are two possibilities, a regular site exchange mechanism for the 
pentacoordinate silane, where the coordination remains unchanged or an alternative 
mechanism whereby the silicon momentarily, at least, becomes tetracoordinate.
Incorporation of a chiral centre at the position a  to the dimethylamino group can 
be used as an independent probe for its decoordination and inversion, allowing the two 
processes to be monitored independently. Compound (1.26) has been used as such a 
m o d e l.T h e  limiting low temperature (-90°C) NMR spectrum of (1.26) displays 
four separate resonances for the dimethylamino group due to the chirality of both the 
benzylic carbon atom and the pentacoordinate silicon atom. As the temperature is raised 
(-45 °C) the four resonances collapse to two (calculated activation energy AG = 
9.4 kcal mol'l). This arises because the intramolecular ligand exchange process occurs 
rapidly on the NMR time scale, thus rapidly scrambling the chiral environment about the 
silicon while the Si-N bond remains intact. This exchange process is confirmed from the 
DNMR spectrum which shows the coalescence of the axial and equatorial fluorines 
signals (calculated AG of 9.3 kcal moT^). On further warming (BTC) a second 
coalescence in the spectrum occurs at a AG of 11.8 kcal mol'^ corresponding to Si-N 
bond breaking accompanied by rotation and inversion at the nitrogen.
Recently Holmes cl ul have reported the preparation o f diorganosilanes 
containing sulfinyl (1.27)37 and sulfonyl (1.28)38 groups.
Me
R -
R
Me
8=0
R
a: R = Me, 
b: R = ^Bu
(1.27) (1.28)
The extent of oxygen coordination is found to depend on the steric bulk of R 
such that a 93u group forces the bridging SiMe^ moiety to reside closer to the sulfur 
group than does a methyl group. This results in stronger coordination. On cooling 
(1.28a) from -33°C to -88°C the singlet for the Si-Me groups collapsed to two signals, 
whereas even on warming (1.27a) from 23°C to 95°C the two signals of the inequivalent
- 10-
methyl groups remained unchanged. The collapse of the signals for (1.28a) is consistent 
with ring flipping occurring at higher temperatures (Figure 1.10).
Figure 1.10
S = 0
Me
Me>Me
s= oMe
(1.28a) Me
The ‘static’ nature of the NMR VT spectra of (1.27a) is explained by the 
difference in structural stabilities of its two conformers. One conformer comprises a 
relatively weak S-Si interaction while the other a relatively stronger 0-Si interaction.
Voronkov et ap9 studied the 29si variable temperature NMR spectra for a series 
of pentacoordinate amides and lactams, (1.29), (1.30) and (1.31).
Me
Me
I
N
SiMejCl y  yS iM e2Cl J  ^SiMejCl
o - ^  /  o —  /  o
(1.29) (1.30) (1.31)
Cooling a solution of (1.29) from 0°C to -45°C causes a shift of the ^^Si NMR 
signal from Ô -50.5 to Ô -51.9. This is characteristic of compounds where the Si-N bond 
is the weaker coordinating component of the hypervalent X-Si-N bonding interaction. 
Coohng solutions of (1.30) and (1.31) results in the opposite temperature dependence of 
the^^Si chemical shifts. Cooling from -40°C to -80°C is accompanied by a change in 
29Si chemical shift of Ô -53.8 to Ô -52.9 and Ô -50 to Ô -48 for (1.30) and (1.31) 
respectively. This is thought to be due to pentacoordinated silicon derivatives exhibiting 
a weak Si-Cl bond and a relatively stronger Si-N bond.
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A similar temperature dependence to (1.30) and (1.31) was observed by 
Kummer et in complex (1.32), however the chemical shift change was larger.
The crystal structure of compound (1.32) shows the silicon 
to be highly pentacoordinate. Solution NMR chemical 
shifts have been monitored over a temperature range from 
+ 80°C to -70°C and show that the lower the temperature 
the more aminopyridinium in character the pyridone-imine 
ring becomes. The %9Si NMR chemical shift has been 
measured over the range +100°C to -80°C in CDCI3. The 
resonance moves down-field from 6 -6.2 to Ô +18.4, i.e. the silicon becomes more 
tetracoordinate in the process. The combined results reveal that the complex maintains 
structures of type (II) (Figure 1.11) where the N-Si bond is the stronger coordinative 
component. These stmctures are therefore more closely related to the model structure of 
complete ‘substitution’ (HI) than the model of zero ‘substitution’ (I).
Figure 1.11
Me 
I ^ M e
Cl
(1.32)
^  Me
Cl
(I)
Me
S W  Me 
Me c r
(HI)
Si.,
Me
(1.33)
Me
cr
(H)
+ Decrease of temperature 
-  Increase of temperature
By contrast, complex (1.33)^l has been shown by ^^Si 
and NMR to remain completely ionic throughout 
the temperature range +80°C to -80°C in CDCI3. This is 
a consequence of the H-substituted amido nitrogen 
being significantly more ‘nucleophilic’ than the 
(2-pyridyl)-substituted amido nitrogen of (1.32).
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1.5: Structures of pentacoordinate silicon complexes 
1.5.1: Overview
The study of molecular structure involves both static and dynamic aspects. The 
dynamic aspects, which have already mentioned in Section 1.4, include variable 
temperature NMR which reveal the behaviour of molecules in motion. By monitoring 
complexes as they interconvert between structural forms, thermodynamic information 
may be obtained. For many years X-ray crystallography has been the major contributor 
to our understanding of the static aspects of molecular structure. There is now a 
considerable body of stmctmal data for hypervalent silicon and compichensrve reviews 
have been published on this aspect by Voronkov et al '^  ^and Corriu et alA^ This section 
will consider some of the significant structural features of pentacoordinate silicon 
complexes.
1.5.2: Site preferences of trigonal bipyramidal complexes
Complexes (1.34)-(1.36) help illustrate common structural characteristics 
(Table 1.1).
Me
= \
Si— ClN “^  Si— ClSi— Cl
(1.34)
Table 1.1
(1.35) (1.36)
Complex Reference N(ax)-Si (/A) Si-Cl(ax) (/A) Si-Cl(eq) (/A)
(1.34) 44 2.028 2.269 -
(1.35) 44 2.027 2.207 2.049
(1.36) 45 1.984 2.150 2.094
(N(eq)-Si about 1.8 Â for all complexes, i.e. full covalent bonds)
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In all these structures the geometry about the silicon is that of a somewhat 
distorted trigonal bipyramid in which the donor atom occupies an axial position. A 
distorted trigonal bipyramid is one in which the sum of the bond angles between the 
equatorial ligands is less than 360° and/or the diaxial bond angle is less than 180°.
The rings formed in complexes (1.34)-(1.36) span axial and
H H
^ ^  equatorial positions in a conformation which minimises ring
a-Np—Si — NMe2
strain. The second axial position is occupied by an
electronegative atom (chlorine in the cases above). The 
common exception is that of silicon hydrides (for example 
(1.37) (1.37)).46
Where there are identical electronegative groups (in our examples Si-Cl bonds) in 
both axial and equatorial positions, then the axial bond is appreciably lengthened over the 
equatorial bond(s). According to Corriu^^ this lengthening of the Si-Cl bond is induced 
by the donor atom interacting at the silicon centre. The progressive replacement of methyl 
groups on the silicon with chlorines in the sequence (1.34)-(1.35)-(1.36) increases the 
electrophilicity of the silicon. This is reflected by the shortening of the hypervalent N-Si 
bond. Donor-acceptor distances are significantly longer than normal single bond lengths 
but shorter than the sum of their van der Waals radii, in some instances indicating 
substantial coordination. For example, in the structure of compound (1.34), the 
equatorial covalently-bonded nitrogen is situated 1.77Â away from the silicon and the 
donor nitrogen 2.03Â away, while the sum of the van der Waals radii for nitrogen and 
silicon is 3.6Â.
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Me
g ^  The geometry of (1.38) has been studied by X-ray
c ij  crystallography^^ and it has been found that the
M e— \  /
N — '
(
pentacoordinate silicon centre is fully trigonal bipyramidal
and the tetracoordinate silicon is fully tetrahedral. This
2 allows a direct comparison of Si-Cl bond lengths of penta-
Me and tetracoordinate silicon centres to be made. Dispite the
(1*38) considerable (0.3Â) lengthening of the Si-Cl bond upon
Sii-Cli =2.35Â
extra-coordination, with the sum of the van der Waals radii
' Si2“Cl2 — 2.05 A
for silicon and chlorine being 3.80Â, it is still classified as
being covalent.^^
1.6: Relating molecular geometry to reaction pathways by solid- 
state correlation techniques
Complexes in which an increase in the coordination number at silicon is achieved 
by intramolecular ring closure of chelating groups are particularly interesting in relation 
to the stereochemistry of nucleophilic substitution at silicon. In these compounds the 
dunor alum may play Llic role of captive nucleophile and the nature and behaviour of the 
intramolecularly coordinated species serve as models for the properties of the 
intermediates or transition states participating in the substitution process.
What is less well known is that crystallography can provide important 
information about the dynamics of substitution. It might at first seem surprising that a 
static structure may provide dynamic information, however, by collecting as many 
structures as possible containing the molecule or structural environment of interest and 
comparing appropriate structural parameters (usually bond lengths and/or bond angles), 
considerable insight into the ‘substitution’ can be gained. The technique is known as 
structural correlation.
The structure of a molecule in the crystal environment is not necessarily identical 
to that of its equilibrium structure as an isolated molecule. The forces exerted by the 
crystal environment can deform its structure to a greater or lesser extent.
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The technique of structural correlation is concerned more with the deformation of 
the molecule than the forces exerted on it. As many structures as possible containing the 
centre of interest are collected and sequenced so that a gradual transformation is 
observed. Each of the ordered structures represents a snapshot of a modelled molecular 
transformation at a particular point of progress. Each structure is thus regarded as a 
frozen point in the transformation induced by its particular crystal environment.
Bürgi49 in 1975 was the first to map the reaction pathway of Sn2 nucleophilic 
substitution at a tetrahedrally coordinated atom centre on the basis of X-ray data. He 
considered complexes (1.39) with the local geometries which model substitution with 
inversion at Cd (H) in the Figure 1.12 shown below.
Figure 1.12
\
Y Cd — X
(X, Y = I, S or O) 
(1.39a)
Y - - Cd— X
/ I
/
Y— Cd X
V 's
ss
(1.39b) (1.39c)
The differences between the observed Cd-Y distances and the sum of the covalent 
radii for Cd and Y are calculated (Ay) and similarly for Cd and X (Ax). These are plotted 
(Figure 1.13) against (Az), the distance that the cadmium atom resides out of the plane of 
the three equatorial sulfurs. Az is thus a measure of how close the cadmium centre is to 
being completely trigonal bipyramidal.
Figure 1.13
Ax as
N uclciiphiliL - • iu h x iilu iio n  ai t 'd " ;  S c a l ie r  p lo t o f  A ; i-.t .m o  ih c  d isianc-c 
in c rc in c n is  A.v. A r
This plot illustrates the effect of an 
approaching Y-group lengthening 
the Cd-X distance. At the same time 
Az tends to zero as the CdSg moiety 
becomes planar with a trigonal 
bipyramidal geometry at cadmium, 
(1.39b). Nucleophilic attack of a 
nitrogen lone pair on a carbonyl 
group was mapped from the crystal
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structures of five natural products (1.40A-E) containing various degrees of 
intramolecular N-carbonyl carbon i n t e r a c t i o n . ^ ^
Me PhPh
Me2N" o  
Et
(1.40 A)
(1.40B) \ =
^ 6
(1.40C)
OCOMe
(1.40E)(1.40D)
A combined diagrammatic representation showing the relative positions of the 
nitrogen, the carbon, the oxygen and the bisector of the R-C-R groups in each of the 
complexes could be drawn (Figure 1.14).
Figure 1.14
This illustrates the effect of the ‘approaching nucleophile’ 
on the geometry of the carbon and on the increasing length 
of the C=0 bond as its single bond character increases. 
Through structures A —> E the carbon becomes 
progressively more tetrahedral.
Later Britton and Dunitz applied the technique to model 
Sn2 substitution with inversion at Sn (IV)5l based on a 
series of [RgSnXY] complex crystal structures (1.41) 
(Figure 1.15).
3.0
2.0
10
A.8.C oDE
- 17-
Figure 1.15
R R
Sn
R
R
Y - - Sn---X
iR R(X, Y = halogen or O)
(1.41a) (1.41b)
R
Y” ” Sn X
Ÿ R
R
(1.41c)
Figure 1.16
In Figure 1.16 Ady and 
Adx are the differences between 
the observed Sn-Y and Sn-X 
distances and the length of a 
staiidaid Sn-Y and Sn-X bond 
respectively. It shows the 
concerted Sn-Y bond shortening 
and Sn-X bond lengthening as 
‘substitution’ progresses.
More recently still^^ a 
g en era l 3-D schem atic
•  C ,S n O , 
0 CgSnXY
0(p\H
%
°o2T "05 OA HI"
Idy VS. A</x for SnCjXY ensembles.
representation has been generated of an X(2) nucleophile attacking at a metal centre M 
(M = Cd (II) or Sn (TV)) (Figure 1.17). d(X(2)) represents the extension of the M-X(2) 
distance beyond its typical length and d(X(l)) represents similarly the extension of the 
M-X(l) distance. The angle X(l)-M-R is represented on the diagram as a(X(l)MR). 
What is shown is that as X(2) approaches M, the M-X(l) bond is increasingly 
lengthened. Angle a(X(l)MR) is reduced as substitution inverts the configuration at M. 
Upon completion of the reaction d(X(2)) tends to zero with the formation of a full 
X(2)-M bond. At this point d(X(l)) is so large that X(l) is no longer within bonding 
distance of M.
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Figure 1.17
d(x(34
d(xin)
Schematic representation of reaction path for an 
S^S-like process in the three-dimensional parameter space spanned 
hy the two X~hî distances and an X—M—R angle.
Leopold et a/53 modelled the attack of a nitrogen ‘nucleophile’ NR3 on a BX3 
(X = H, F) Lewis acid centre (Figure 1.18). Key bond lengths and angles were obtained 
from X-ray crystallography (where possible) or else microwave spectroscopy. The 
progressive planar -> tetrahedral change in boron geometry with strengthening B-N 
interaction was revealed by the following plot.
Figure 1.18 .^o
a(NBF)
HR3N” v-"B
X XR (B-N)
2.5
2.0
1.5
90 94 110 11498 102 106
a(NBF) dagrees
A plot of the B-N bond length vs the N -B -F  (or N -B -H ) 
angle for the addition complexes of BFj and BH$ with nitrogen donors.
Open squares represent gas-phase data, and solid 
squares correspond to crystallographic data.
Silatranes (1 .1 8 ) 2 6  were among the first intramolecularly coordinated silicon 
complexes to be extensively studied by X-ray crystallography. Structural data for a 
variety of substituted complexes show that all have a distorted trigonal bipyramidal 
geometry at silicon and that the nitrogen and substituent group X on the silicon occupy 
the axial positions (Table 1 .2 ).5 4
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Table 1.2
X NMe% CICH2 3-NO2C6H4 C6H5 CH3
Si-Ncdonorl (/Â) 2.02 2.12 2.12 2.15 2.17
The stronger the electron 
withdrawing group at the silicon atom 
the shorter the Si-N(donor) interatomic 
distance becomes. Barrow et a/5 5 
compiled data for 11 such complexes 
and plotted the mean N(donor)-Si-0 bond 
angle a  against the interatomic 
N(donor)-Si and Si-X distances 
(Figure 1.19). The data highlights how
Figure 1.19
%
&
"oo
26
2 3 'I
4
21 ° 
cn
I 7'
X
19
1-8
78 82
Ci/'
86 90
S ca tte r p lo t o£ r(N • • • Si), open circles, and  r(S i-X ) 
[X  =  C(s/>*) C(s/>*) ( g ) ,  or N (A )] ag a in st a
little the Si-X distance is perturbed by the varying N(donor)-Si interaction. However, 
since the majority of X-groups are bound to the silicon through the same atom, carbon, it 
is perhaps not so surprising. When an NMe2 leaving group is attached to the silicon, an 
appreciable shortening of the Si-N(donor) interatomic distance is observed.
Macharashvili et have used structure correlation to analyse a series of 
N-(halogenodimethylsilylmethyl) lactams, (1.42) (Table 1.3).
Table 1.3
Me
Si — X
(1.42)
Compound n X 0 -Si (/A)
(1.42a) 1 F 2.40
(1.42b) 2 a 1.95
(1.42c) 2 Br 1.80
(1.42d) 2 I 1.75
The Si-O interatomic distance was found to decrease in the order X = F > Cl > Br 
> I, the Older of increasing leaving ability of group X. This was accompanied by a 
weakening of the C=0 bond and strengthening of the C=N bond - visible from the IR 
spectra o f tlie complexes. The geometry observed changes from distorted tetrahedral in
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(1.42a) through to distorted trigonal bipyramidal in (1.42b) and (1.42c) then back to 
distorted tetrahedral in (1.42d), but with inverted configuration.
Pestunovich et al '^^  have performed theoretical quantum chemical calculations on 
a series of pentacoordinated amides (1.43) and (1.44), allowing 0-Si and Si-Cl bond 
distances to be predicted in each case.
Me Me
O
Me 
Si Cl O Si Cl
N
I
R'
R = Ar, alkyl; R' = NMe2 
R = Me; R' = CHjSiMejCl 
R = N(alkyl)2; R' = NMe2  n = 3,4,5.
(1.43) (1.44)
By plotting together the calculated and experimentally obtained 0-Si and Si-Cl 
distances in each complex (/sio and /sici respectively), good agreement between theory 
and practice was found with a characteristic hyperbolic curve being obtained 
(Figure 1.20).
Figure 1.20
3.4
o<
3.0
2.8
2.6
2.4
2.0
2.72.52.32.11.91.7
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Relationship between the igjci anti Igfo values calculated using M N DO  ( #  ) and th«5S€ de­
term ined experimentally (O )  for (0-S i)dim ethyl(A '-am idom ethyl)chIorosilanes.
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It is clear that structural correlation requires crystalline products for success and 
that there is considerable scope for a technique that is more widely applicable to include 
compounds where crystallisation is not possible, particularly one which is solution- 
based. It was with this aim in mind that Bassindale and Borbaruah developed the 
technique of solution phase mapping.^^ This is discussed fully in the introduction to 
Chapter 2.
So far we have concentrated on only five-coordinate süicon species, however it is 
important to note that silicon can expand its coordination number to six. Indeed six- 
coordinate complexes have been known for as long as five coordinate complexes. The 
first six-coordinate complex, the [SiFg]^- anion, was independently reported by Gay 
Lussacl and Davy^^ in the early 1800's. Although hexacoordinate silicon complexes are 
largely beyond the scope of our work we will make mention of their preparation and 
structural characteristics.
1.7: Preparation of hexacoordinate silicon complexes
Hexacoordinate silicon complexes are mainly prepared by methods analogous to 
those used for the preparation of pentacoordinate silicon complexes:
• The addition of nucleophilic, anionic or neutral reagents to tetravalent silicon 
derivatives leading to respectively anionic or neutral complexes.
• The reaction of an organosüane containing two substitutable groups at the 
silicon with bi-dentate ligands.
1.7.1: Coordination to a tetracoordinate silicon compound 
A: Fluoride ion donation to an organosilane
Kumada et developed a practical route for the preparation of 
organopentafluorosilicates (14S) by reaction of excess potassium fluoride in aqueous or 
aqueous/alcoholic solution with organotrichlorosilanes.
KF (excess)
RSiClj ------------------ ► [RSiFjf - 2K^ (R = long chain alkyl)
(1.45)
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B: Intermolecular coordination to a silane
The series of stable hexacoordinate complexes Me2SiX2.2py, MeSiXg.Zpy and 
SiX 4 .2py (X = F, Cl or Br)^* 61 provide a contrast to the reactions of the 
triorganosilanes and pyridine described earlier^ where no stable hypervalent complexes 
could be isolated. Diamines such as 2,2'-bipyridine and 1,10-phenanthroline coordinate 
readily to halogenosilanes SiCU, SiXYl2 and Si2Br6 to give mono ( 1 . 4 6 ) ,62 bis 
(1 .4 7 )6 3  and tris(chelate) (1 .4 8 )6 4  complexes respectively.
Cl
C f >-N" I ^C1 
Cl 
(1.46)
X 2+
0 1
Y
21'
1
4+
41-
(1.47)
(X, Y = H, CH3, Ph, OCH3, Cl)
(1.48)
C: Intramolecular coordination to an organosilane
Si-
NMe.
(1.49)
Complexes of the type (1 .4 9 )6 5  have 
been prepared using a similar method 
and ligands to those used with the
a: X, Y = H
b:X  = H, Y = F corresponding  pen tacoord inate  
c. X, Y F complexes (1.20)28 and characterised by
X-ray crystallography.
1.7.2: Substitution in a tetra-functional silane by a bi-dentate ligand
1,3-diketones can form, as well as pentavalent complexes such as (1.16), 
hexavalent c o m p le x e s .^ 4  They react with either tetra-acetoxysilane to give a bis, neutral 
complex (1.50), or silicon tetrachloride to give a Iris, cationic complex (1.51). A 
tropolone analogue of (1.51) can also be prepared, (1 .5 2 ) .6 6
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AcO,
AcO
Si
cr.H ci
(1.51)
crSi
(1.52)(1.50)
The tris(catechol) complex (1.53) is prepared from a tetraalkoxysilane and either 
sodium or potassium alkoxide (Figure 1.21).2l. 67 
Figure 1.21
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Si(0R)4 + 3
OH
-6 ROHOH
( M = Na, K)
O
2M+
(1.53)
1,2-ethanediol forms an analogous complex (1.54) when reacted with silica and 
bariutnoxide (Figure 1.22) 6^
Figure 1.22
HO.
HO'
BaO
SiO,
2-
Ba2+
(1.54)
1.8: Structures of hexacoordinate silicon complexes
Many of the features of pentacoordinate silicon complexes previously discussed 
also apply to hexacoordinate silicon. This section will outline similarities and 
differences.
Hexacoordinate silicon complexes have an octahedral or distorted octahedral 
geometry. How close the geometry at the silicon is to octahedral is determined by the 
size of the attached groups and their steric interactions with each other. In the case of
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multi-dentate ligands, another factor is the rigidity of the group, which restricts the donor 
atoms ability to occupy the precise octahedral positions. In contrast to pentacoordinate 
complexes, the axial and equatorial sites can be equivalent.
For example, the first identified hexacoordinate complex, the [SiFg]^' dianion 
was reported in 1935 as having the expected octahedral geometry^^ with identical Si-F 
bond lengths (1.71Â). The bis pyridine adduct SiF^.Zpy^^ also has also an octahedral 
geometry with the pyridine groups in a trans relationship.
Complex (1.55)^0 has been shown to have a somewhat distorted octahedral geometry
with the Si-Cl bonds residing trans to the N-Si bonds. 
The Si-Cl bonds of the hexacoordinated silicon are 
longer than those of the tetracoordinated silicon, similar 
to the behaviour of axial donor-Si-Cl moieties in 
pentacoordinate complexes.
The use of rigid ligands such as 2,2’-bipyridyl to 
stabilise hexacoordinate silicon is more frequently 
necessary than for pentacoordinate silicon as the 
presence of six donor groups within the coordination 
sphere of more open-chain bidentate ligands has. been 
shown to not always result in chelation of all potential 
donor groups. For example, complex (1,56)^ ^  in the 
solid state has only one of its dimethylaminomethyl 
groups within coordination distance of the silicon, the 
other being oriented away by rotation of the NMe2 
group about its Ar-CH2NMe2 bond.
Cl/„„
Cl"
Me
(1.55)
NMe
:si Cl
NMe.
(1.56)
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Part B: Tin
1.9: Overview
Since silicon has the ability to expand its coordination number beyond the 
conventional four, it is not unexpected that tin, being further down the same periodic 
group can also give rise to extra-coordination. In fact, tin does this far more readily than 
silicon and gives rise to an even more extensive range of structures. A multitude of 
hypervalent complexes of both Sn (H) and Sn (IV) have been rep orted .^ ^ . 73, 74 our 
work concerns only five- and six-coordinate Sn (IV) complexes, the introduction shall 
concentrate mainly on these. ^
Unlike sihcon (IV), tin (IV) compounds rarely exist in four-coordinate, tetrahedral 
geometry. Only R4$n (R = simple organic e.g. alkyl or aryl group) and RnSnX4_n 
derivatives which are either sterically crowded (e.g. R = (Me3Si)3C),^^ or where the ligand 
is weakly electronegative (e.g. Ph3SnSnPh3)^^ have such a geometry in the solid state. 
Wherever possible, tin strives to expand its coordination number either through inter- or 
intramolecular coordination.
1.10: Intermolecular coordination
The earhest intermolecular complex was complex (1.57), estabhshed as 
^  a stable crystalline adduct of chlorotrimethyltin and pyridine.^^ This
I important discovery contrasts with the similar study of
— Sn —MeI halogenotrimethylsilanes and their interaction with pyridine, ' where no
Cl
stable five-coordinate complex is observed.
(1.57)
Tin (IV) halides provide a wealth of structures. Tin tetrahalides SnX4 
and organotin halides RnSnX4_n (n = 1-3) are tetrahedral in the vapour 
and liquid phases but in the solid state exhibit a preponderance for the formation of 
halogen-bridged lattices. Tin fluorides in particular form strong one and two-dimensional 
polymers. For example, tin (IV) fluoride forms a highly stable two-dimensional polymer 
(1.58) with octahedrally coordinated tin. Dimethyltin difluoride (1.59) has a similar 
structure with the non-bridging fluorine atoms being replaced by methyl groups.
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RI
Sn
R
R
Sn-
l
R
I / '
Sn----- F -
R
R
1
T
R
(1.58): R = F
(1.59): R = Me
Me Me
\  / F  ,
S n ^  Sn
C ^ M e  /
Me Me 
(1.60)
,Me
Fluorine bridging in trimethyltin fluoride (1.60) 
results in a one-dimensional polymer with a 
planar [MegSn] moiety and trigonal bipyramidal 
coordination geometry at tinJ^ Consistent with 
their polymeric structures, these materials are 
infusible and insoluble. Only when the organic groups become large does steric hindrance 
preclude association.^^ In contrast, fluorotrimethylsilane is a liquid with a boiling point of 
16®C. Bridging by other halogens is much weaker and reversible. A loosely associated 
one-dimensional chain is formed at low temperatures by chlorotrimethyltinSO 
(Figure 1.23a) and trimethyltin hydroxide^l (Figure 1.23b) similar to trimethyltin fluoride. 
Triphenyltin chloride^^ however has a tetrahedral structure about the tin with the crystal 
structure showing discrete, isolated molecules.
Figure 1.23
Cl (21vC (21
125.9 243.401 (I)
Sn (I) [Sn (21
'C (I)
(al
G (21 C (31
O (11 0  (2)
Sn (11 In (21
C (I)
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Distances in pm.
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Dialkyltin dihalides, where the alkyl group is sterically small, also associate into 
one dimensional chain structures. In dimethyltin dichloride (1.61)83 the covalently-bonded 
chlorines on each tin coordinate to different tin centres in the chain, while in 
bis(chloromethyl)tin dichloride (1.62)84 the chlorines chelate to the same adjacent tin 
centre. In both cases the tin is hexacoordinate, but with a highly distorted octahedral 
geometry.
Me Me CHj Cl CHj Cl
Me Me CH2 Cl CH2 Cl
(1.61) (1.62)
Neutral, non-polymeric intermolecular coordination complexes of tin involving a 
single donor-tin bond are relatively common compared to silicon. The MegSnCl.py adduct
(1.57)77 has already been mentioned. A further example, where triphenylphosphine oxide 
is the neutral donor, is (1.63). The crystal structure of this compound has recently been
reported. 85
The geometry of the tin centre is trigonal bipyramidal
O
with the oxygen and nitrogen groups in the axial
■A positions. The 0 -S n  bond length of 2.34Â is
^^^3 markedly short (Sn-O typically 1.90Â). The same
research group have reported the coordination of
carbonyl86 and sulfoxide87 groups to this tin centre
resulting in very similar tin structural geometries.
A 1:1 mixture of dimethyltin dichloride and diphenylcyclopropenone readily react
to form an intermolecular complex. However, due to the low steric requirements of the
/-.I donor, the crystal structure reveals a
Me Ph
Ph. Ph
N“ Sn
Ph
(1.63)
Ph
\
O ►Sri Cl
Ph structure with one of the
^  \  ^  f f  chlorines on each tin bridging with
Cl—  Sn  O
an adjacent tin, resulting in a 
hexacoordinate tin centre, (1.64).88
(1.64)
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1.11: Intramolecular coordination
In the same way as silicon, hypercoordination can be generated by either rigid 
geometry or more open-chain ligands.
1.11.1: Rigid geometry ligands
As previously mentioned, simple tetraalkyl and aryl tin compounds are among the 
few tetrahedral, four-coordinate tin (IV) compounds. However with rigid geometry 
ligands, expansion to five (1.65)^^ or six (1.66)^0 coordination can be achieved.
RjSn
N =
(1.66)(1.65)
Compound (1.67)^l has a structure reminiscent of the silatranes discussed earlier. 
Stannatranes themselves, (1.68), can be synthesised by dehydration of a mixture of the 
appropriate stannoic acid and tr ie th a n o la m in e .^ ^
Me
CH2 ’Pr / ^
CH
O
(1.67)
(R — Et, Bu, n-CgHj7) 
(1.68)
Ph Ph 
(1.69)
Wang et recently reported the crystal structure of a pentacoordinate 
biazostannoxide, (1.69). N-Sn bonding closes a nine-membered ring into fused five and 
six-membered rings. This ring closure results in a structure where the tin is pseudo- 
trigonal bipyramidal with the nitrogen donor forced to occupy an equatorial position with 
the phenyl groups, while the oxygens reside in the axial positions. With the tin atom being
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at a ring junction, the O-Sn-0 diaxial bond angle is distorted somewhat from linearity 
(157.6°).
2-Hydroxy and 2-mercaptopyridine-N-oxides (1.70) (Figure 1.24) readily stabilise 
hexa-coordinate tin.^^
Figure 1.24
R2SnX2 
X = Cl, Br, I.
MeOH
YH
O
Y = S ,0 . 
R = "Oct,
= 'Oct,
= "Kept, 
= 'Bu,
= "Bu,
= C1.
(1.70)
The tropolone ligand forms isostructural hexacoordinate complexes, (1.71) 
(Figure 1.25), to the silicon analogues previously described.^^
Figure 1.25
NaHCOg
R2 SnCl2 +
(R = Me, Et, Pr, "Bu, Ph, benzyl)
Tris tropolonato complexes have also been reported with heptacoordinate tin 
centres.
OH Sn
(1.71)
1.11.2: Open-chain ligands
Such is tin’s propensity to expand its coordination number to greater than four that 
chelation of \Q S S -r ig id  ligands occurs to tin centres, even with only low electronegative 
substituents. Complexes (1.72)97 and (1.73)98 are penta and hexacoordinate examples 
involving 1,3-diketone ligands. The silicon analogues of these compounds would be 
predicted to be fully tetracoordinate at silicon.
Ph
Ph/n.
P h ^  I
Ph'
Sn Q
Ph
(1.72) (1.73)
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Tin carboxylates display interesting structural differences between solid and 
solution phases. Dialkyltin dicarboxylates (1.74)99 exist in the solid state as 
intermolecularly coordinated bridged chain polymers (1.74a), while in solution they adopt 
intramolecularly coordinated monomeric structures containing two four-membered rings 
(1.74b). In both structures the R-groups are in a trans relationship at the tin.
Me
Sn
Me
R
Sn
I
R
R
Me MeSn
R
(R = Me, Et, "Pr, "Bu)
(1.74a) (1.74b)
A similar coordination switch between solid and solution phases occurs in 
compound (1.75). ^ ^0 the solid state an infinite, single-bridge, intermolecularly 
pentacoordinated tin polymer, (1.75a), is favoured which contains oxygens in the axial 
positions. In solution the intramolecularly pentacoordinated tin monomer, (1.75b), i s 
observed with axial chlorine and carbonyl-oxygen groups.
Cl
Me
O Sn
Me
Me Me
Sn O
Sn O Mer
O:
Cl Me
(1.75b)
Cl Me
(1.75a)
The size of the ring formed by intramolecular donation to tin has also been found to 
play an important role in determining whether inter or intramolecular coordination is 
observed. (O-(Trichlorostannyl)alkyl acetates, (1.76) , have been found to exist as an 
equilibrium mixture of intra, (1.76a), and intermolecular, (1.76b), coordination structures 
where coordination to the tin can be through the alkoxy oxygen or the carbonyl oxygen 
(Figure 1.26).
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Figure 1.26
CH
Cl
n = 2,3 ^
n = 1
Cl
• I ( ) ( ~ ^  /O - ^  S n -M  O— /
Cl Cl
(1.76a) (1.76b)
When n = 1 there is a preference for structure (1.76a). This is thought to be due to 
the formation of a five-membered ring with relatively little strain. However when n = 2 or 
n = 3 the ring would be far more flexible and susceptible to ring opening due to thermal 
vibrations and hence an oligomeric species, (1.76b), based on intermolecular coordination 
is that which is preferred.
MoUoy et have studied a number of triphenyltin benzoates (1.77) and found 
their choice of structure to be dependant on the nature of R, obtaining evidence for either 
oligomeric pentacoordinate, (1.77a), or monomeric tetracoordinate, (1.77b), structures.
Ph
R
Ph Ph
Phi" Sn^
O—  Sn O O—  Sn
y  V y  ^
Pli Ph Ph
(1.77a)
Ph
(1.77b)
The structural preference was found to depend on a complex interplay between the 
steric and electronic effect of the substituent(s) R and its (their) position on the aromatic 
ring. The pKa’s of the corresponding benzoic acids reflect the electrophilicity of the tin 
centre such that it is more susceptible to pentacoordination when substituents are electron 
withdrawing. The size and position of R concurrently alters the steric environment about 
the tin making it more, or less easy for other molecules to get close enough to the tin to 
oligomerise.
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1.12: Fluxionality of pentacoordinate tin complexes
= (  (
^Me
N'^Me Van Koten et al have prepared a series of tin complexes to 
monitor the stereochemistry of substitution at tin. Complex
(1.78)103 is a similar model compound for substitution at tin as
(1.24) is for substitution at s i l i c o n .34 The NMR spectrum of
(1.78) at 10°C displays the NMe2 groups as a pair of 
diastereotopic singlets, consistent with the locked configuration 
of a pentacoordinate tin centre. As the sample is warmed to 123°C the signals collapse to a 
single sharp resonance as decoordination of the nitrogen atom and inversion at the tin 
centre takes place.
Complex (1.79)1113 allows the equilibrium between 
pentacoordinate and tetracoordinate tin states to be 
evaluated. At -50°C two pairs of diastereotopic NCH2 S are 
observed in the iH NMR spectrum, consistent with one 
tin-bound and one unbound NMe2 group in the molecule. 
At room temperature only a pair of resonances is observed 
for both NCH2 groups. This is caused by the fast, on the 
NMR time scale, intramolecular exchange between the 
NMe2 groups coordinated to the tin. At 111°C the NCH2 groups are observed in the 
spectrum as a single resonance as rapid inversion of the tin centre occurs.
Complex (1.80),104 in contrast to (1.81), has dynamic NMR activity by virtue of it 
containing the donor group in a six-membered ring. This ring has two possible 
conformations leading to non equivalence of the NMe2 groups.
N ^M e
= \  \
(1.79)
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(1.80) (1.81) (1.82)
At room temperature complex (1.80) displays sharp NMR singlets for the NMe2 
and SnMe2 groups as a result of rapid flipping between the conformations. At -30°C both 
of these groups exhibit pairs of resonances as flipping ceases. Decoordination of nitrogen 
and inversion of configuration at tin is invisible by NMR spectroscopy in this compound 
as the tin is achiral.
The chiral analogue (1.82)^04 allows both ring flipping and tin inversion to be 
observed. At -35°C separate NMR resonances for the NCH2, NMe2 and SnMe protons 
in both ring conformations are observed. Warming of the solution causes the collapse of 
the SnMe and NCH2 resonances to single peaks as a result of fast ring flipping. With the 
nitrogen still coordinated to the tin atom, its chirality causes the NMe2 groups to remain 
diastereotopic. However at 64°C, ring opening and rapid inversion of the tin centre gives 
rise to a single resonance for the NMe2 group.
Intra and intermolecular site exchange in pentacoordinate tin has been studied 
by the reaction of fluoride ion with dialkyl and diaryltin dichlorides and monitoring the 
1 l^Sn and NMR spectra at different temperatures. A complex series of group exchange 
processes has been revealed by cooling solutions containing the appropriate mixture of 
diorganotin dichloride and fluoride ion to slow the otherwise rapid ligand migration and 
rearrangement processes. For example, the addition of fluoride ion to diphenyltin 
dichloride and phenyltin trichloride gives measurable quantities of the ions listed in 
Table 1.4.
The variable temperature behaviour of the NMR chemical shifts of the 
[Ph2SnF3]“ ion highlight the intramolecular site exchange processes being studied 
(Figure 1.27).
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Table 1.4
Figure 1.27
iV— A.
NMR Data for Specie* Formed from Reaction of 
Fluoride with Diphenyltin(IV) Dichloride or Phenyltio(IV) 
Trichloride in Dichloromethane Solution at -100 "C
J(Sn-F), s m , J(F-1
•pedes 4("*Sn), ppm Hz ppm Hz
[PhjSnCla]' -260
[PhjSnCM*- -425
[PhSnCUJ- -323
[PhSnCl,]*- -662
[PbjSnCliF]- -291  (d) 2365 -139.7
(Ph^nClïFJ- -269 (d) 2410 -147.2
[PhjSnClFjJ- -331 (d of d) 2420 -159.1 (d) 16
2360 -159.7 (d) 15
[Ph^nF,]- -402 (d of t) 2310 (d) -173.8 (t) 28
2260 (t) -156.8 (d) 28
[Ph^nCljF]*- -464 (d) 2624 -140.3
(roTW (PhgSnF^]^ -692 (quint) 2696 -126.0
[PhSnCljFj]- -603 (d of d) 2256
2416
-79.4
-56.6
[PhSnCljF,]*- -563 (d of d) 2660 -120.0 (d) 40
1760 -74.0 (d) 40
trans-iPhSnCl^F]*' -532 (d) 1826 -62.97
[PhSnFj]*- -692 (d of 2430 -140.0 (d) 20
quint) (quint)
1180 (d) -140.4
(quint)
20
[SnFel*- -803 (sept) 1625 -152.6
PPM
T
-160-150 -160 -170 -180 -1
Portion of *®F spectra indicating behavior of species 
[PhgSnFg]" at various temperatures.
At -100°C separate sharp resonances 
for the axial and equatorial fluorines 
are observed. On warming to 60°C 
the signals broaden, collapse to one, 
then sharpen as rapid site exchange 
begins to take place. Cotton and
D a k t e m i e k s ^ O ô  have studied the
rates of intermolecular halogen 
exchange between 1:1 mixtures of 
diorganotin dihalides. The room 
temperature ^^^Sn NMR spectrum of 
a mixture of diphenyltin dichloridc 
and diphenyltin dibromide in 
dichloromethane displays three sharp 
resonances at Ô -33, Ô -52 and ô -75 
for an equilibrium mixture of the 
dichloride, the bromide-chloride and 
the dibrom ide com pounds 
respectively.
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Resolution of a similar mixture of dimethyltin dichloride and dimethyltin 
dibromide into separate resonances is only achieved by cooling the solution to -100°C. 
This observation highlights the greater steric bulk of a phenyl group to a methyl group and 
the effect it has on lowering the rate of halogen exchange. In both cases the mixed halogen 
compounds disproportionate on attempts to isolate them.
ll^Sn NMR chemical shifts are particularly sensitive to the electronic environment 
of the tin. In fact they are even more sensitive than ^9si chemical shifts. Since we have 
already seen that extracoordination to tin is frequently temperature and phase dependant, 
then we can use ll^Sn NMR data to monitor how the coordination to a tin centre changes 
as its environment is manipulated.
1.13: NMR spectroscopy and factors that affect the chemical shift
There are a number of factors which influence the tin chemical shift, either 
individually or, as will become clear, more often in tandem.
1.13.1: Electronegativity
The more electron-donating is an R-group, the more shielded is the l^^Sn atom, as 
shown in Table 1.5.
Table 1.5: Effect of organic groups on the l % n  chemical shifts of RgSnCl
compounds. (Adapted from reference 107)
R Ô (/ppm)
Me 164
Et 155
Bu 141
PhCHi 43
Ph -48
For a series of compounds MegSnX, as the X-group becomes more inductively 
electron withdrawing, so the ^^^Sn chemical shift moves increasingly down field. A plot 
of the Pauling electronegativity for various X groups against chemical shift results in a 
good linear correlation (Figure 1.28).
- 36-
Figure 1.28
X
3.0
-100 + 100
8('**So) (ppm)
IJcpeiktciicc of "■'Su clicinica) shifts (ppm ) upuii I'auling elec(roiicga(.ivi(y x ul 
•subsiiiuciu lor sonic  Mc,SnX co inpou iiJs.
Similarly, for a series of compounds R4_nSnXn (n = 0-4), the more electron 
withdrawing groups placed around a tin the more de-shielded the centre would be expected 
to become. Between n = 0 and n = 1 this is usually true (e.g. Figure 1.29 for various 
Bu4_nSnXn compounds).
Figure 1.29
O'Bu
-200
-  150
-1 0 0
I
NElz
+ 50
+ ICO
+ 150
" '^ n  chemical shifts (ppm) lor imassociaieJ butyllin compounds, 8u . ,SnX„ a.s 
a ftinciion of ».
However between n = 1 and n = 4 there is often an inverse dependence. The reason 
for this apparent discrepancy is not clearly understood. It has been suggested to arise from 
the X-groups inducing a p-electron imbalance in the other groups bonded to tin that results 
in a net shielding effect of the tin. As the number of X groups increases so does the 
p-electron imbalance, which drowns the electron withdrawing effect.
When X = vinyl, aryl, ethynyl or benzyl a linear relationship between n and 
chemical shift is observed throughout. For example Figure 1.30.
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Figure 1.30
ppm.
632o
In this case the mechanism of shielding at 
the tin centre is different from that above 
but, once again, is not clearly defined. It 
may arise via some form of interaction 
between the 7C-electrons of the X group and 
the tin by either pjc-dTt orbital overlap 
and/or, with aromatic examples, a ring 
current effect. 1^ 9
Tin chemical shifts for Bu4_nSnX„ compounds.
1.13.2: Concentration (solvent effects), coordination number and its dependence on 
temperature.
The choice of solvent when preparing samples for NMR measurement may affect 
the observed ^^^Sn chemical shift. Non-coordinating organic solvents such as carbon 
tetrachloride, benzene or dichloromethane act essentially as dilutants and produce no 
marked change in shift as the concentration is varied.
Coordinating solvents however, such as acetone, DMSO or pyridine can produce 
large concentration dependant chemical shift changes. In these solvents formation of 
solvated species or adducts with the tin compound occurs. In the case of chlorotrimethyltin 
and pyridine in carbon tetrachloride the coordination is reversible and highly dependant on 
the concentration of pyridine. In the absence of pyridine a chemical shift as high as 
Ô 165.8 has been reported.^^ A minimum value of 5 -9.5 has been reported with 12.8 
equivalents of pyridine. This is consistent with an increase in tin coordination number due 
to the pyridine. It is clear that the ^^^Sn chemical shift is highly sensitive to changes in 
coordination state and so is equally useful in giving us an understanding of the chemical 
environment around the tin.
Tin species with a coordination number greater than four may be formed even in 
inert organic solvents if auto-association occurs. Many examples of such processes
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occurring in the solid state have already been mentioned. The tendency for dimérisation in 
solutions of dibutyltin dialkoxides (1.83) (Figures 1.31 and 1.32) have been studied. ^ 0^ 
Figure 1.31
RQ
\
Sn-
J
(1.83)
OR Sn Sn 
Bu R
Bu
Figure 1.32
Bu 
OR
R = Me, 'Bu, *Bu, 'Pr
R • Me
-I50X-X
R* Bu
^  - 100 -
R * ' P r
- 5 0
100 50 0
 ------ Mol %  B u g S n l O R I g  111 CCI4  5oln.
l ill'ec l i j f  d ilu t io n  o n  " ''Sn  t h c n iic a l  siiil'ls o f  b u ^ S iH O K );
com pounds.
Dimérisation is found to be greatest when R is small and dilution is found to 
increase the proportion of tetracoordinate monomer. Higher solution temperatures have 
also been shown to favour the monomeric state.
Davies et a /m  have reported that dilute solutions of dimethyltin methoxide 
chloride show two resonances at 6 126 and Ô -90 corresponding to an equilibrium 
mixture of monomeric tetracoordinate and dimeric pentacoordinate tin centres 
respectively. The equilibrium proposed is analogous to the dibutyltin dialkoxide scheme 
above.
Solutions of trimethyltin formate (1.84) (Figure 1.33)112 in deuterochloroform are 
believed to exist in equilibrium between monomeric four coordinate (H^Sn = ô 15.0 in
0.05M solution) and oligomeric, intermolecularly five-coordinated (H^Sn = 6 2.5 in 3M 
solution) tin species. The coordination number is higher in more concentrated solutions 
with only a single resonance observed -in contrast to Davies’ result. The equilibrium in
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trimethyltin formate is thus considerably faster on the NMR time scale at room 
temperature than for dimethyltinmethoxide chloride.
Figure 1.33
Me
OHC
\
Sn CH3
H
(1.84)
AO O Sii
Me
Recently, pentacoordinate diorganoyltin dithiolate complexes have been studied 
and the temperature dependant denticity of various classes of thiolate groups (1.85)
(Table 1.6) analysed.
Ph Ph
1 ^ '] )  A  . V o a
X s
(1.85)
(X = Cl,Br) 
Table 1.6
(1.85a) (1.85b)
S OEt 
(1.85c)
Compound type X Ô 119Sn (25°C) 5 119sn (-100°C)
(1.85a) Cl -327 -330
(1.85a) Br -343 -345
(1.85b) Cl -275 -286
(1.85b) Br -285 -295
(1.85c) Cl -248 -279
(1.85c) Br -250 -282
The ll9Sn chemical shifts for complexes (1.85a) are virtually identical. This 
indicates a constant tin environment and hence the thiocarbamate ligand is strongly 
bidentate. However, dithiocarbonate complexes (1.85b) and dithiophosphate complexes 
(1.85c) show a marked shift to higher field at lower temperatures. This is indicative of a 
room temperature equilibrium between bidentate and monodentate coordination of the 
ligands. At lower temperatures the equilibrium favours bidentate binding and an effective 
higher coordination number results.
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The work reported in Chapter 4 will attempt to model the Sn2 substitution at tin 
using the naturally occurring 4-pyrone, maltol, and several 4-pyridone derivatives. It 
describes the application of the previously described solution phase mapping and 
structural correlation techniques to tin complexes of these ligands. An introduction to the 
chemistry of these ligands is given at the beginning of the chapter.
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Chapter 2: Modelling nucleophilic substitution at 
silicon using quinoline-based ligands.
2.1: Introduction to the modelling of molecular geometry in solution 
by NMR mapping
In solution as well as the solid state, intramolecularly-coordinated hypervalent 
complexes may adopt a structure reminiscent of an intermediate or transition state on 
an Sn2 reaction coordinate. The structure adopted is dependant on the steric and 
electronic characteristics of the groups around the reaction centre, the donor properties 
of the ‘nucleophile’ and the amount of strain in the ring being formed. The structures 
below represent those of a general Sn2 reaction at a tetracoordinate centre M. Thus a 
neutral nucleophile Nu displaces a leaving group X in a manner which may be 
modelled by a series of closely-related complexes (2 .2).
M X
(2.2)
Nu: .M— X N u------- -----X Nu — M. X
(2.1) R
Each example of a complex of type (2.2) is a structure representing a different
‘extent of reaction’. (2.1) and (2.3) are ‘limiting’ structures of the ‘reaction’, i.e.
represent zero substitution and complete substitution respectively. For studies in
solution these moieties must also be modelled.
Nucleophilic attack at M affects the electronic
environment of both M and of the ligand framework. In
t  ^\Me ligands where substitution is accompanied by a major 
SiC^
structural change, such as aromatisation, then substitution
R
X
can be quantitatively followed by NMR spectroscopy.
R = 6-Me, 6-Cl, 5-Cl, u- j  u .. , . .This IS achieved by monitoring how individual
3-OMe, 3-NÜ2, H.
X = F, Cl, Br, OTf. resonances of the carbons in the ligand and M itself, if an
(2.4) abundant NMR-active isotope, vary between related
complexes. With this in mind, the 2-pyridone complexes
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I
Me
(2.5)
(2.4),114 as specific examples of (2 .2) above, were initially chosen to model Sn2 
substitution at M = silicon by preceding co-workers in the group. The reaction being 
modelled is that of a carbonyl oxygen nucleophile substituting at a monofunctional 
trialkyl silane.
2.1.1: Preparation of model compounds
The major assumption is that as the modelled substitution progresses, the NMR 
chemical shifts in the pyridone ring can be closely approximated by the chemical shifts 
of an appropriate mixture of model compounds such as (2.5) and (2 .6).^8
Compound (2.5) was converted into (2.6) by 
OTf titration of a CDCI3 solution with 
O OSiMeg trimethylsilyl triflate (TMS-OTf). There is a
Me fast equilibrium on the NMR time scale
between (2.5) and (2.6) in the presence of 
TMS-OTf such that only one set of 
resonances in the NMR spectrum are observed. Successive fractions of TMS-OTf 
move the equilibrium further towards (2.6). The observed chemical shift of each 
carbon is dictated by the position of the equilibrium and is representative of the ratio of
(2.5) and (2.6).
Figure 2.1
If the mole fraction of TMS-OTf 
is O.jc then the ratio of (2.5) and
(2.6) is l-(Ojc) : 0.x. When a full 
equivalent of TMS-OTf has been 
added, the equilibrium has been 
displaced completely to the right 
and the resonances observed 
are that of (2.6). The data 
give a linear correlation when 
plotted against the mole fraction 
of TMS-OTf (Figure 2.1).
0.0
C -2 C - 6 '  C -4  C -3 C -5
0 . 2 -
0.6 -
8
2  0 .8 -
0)
1 ■
170 160 150 140 130 120 110 100
C Chem ical shift /  ppm
NMR chemical shift changes during the pyridone to pyridinium 
ion transformation
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The overall assumption is therefore that an Si-0 bond is % % formed when the 
NMR chemical shifts of the pyridone are equivalent to ;c % of (2.6) in the mixture,
i.e. when a 0.x fraction of TMS-OTf has been added.
2.1.2: A map of substitution at silicon
The mapping technique was applied to a wide range of pyridone complexes
(2.4). R-groups were chosen so as to modify the nucleophilicity of the carbonyl 
oxygen and the X-groups were chosen to have varying leaving-group ability. 
Disiloxane compounds (2.7) and (2.8) were synthesised as alternative models to (2.5) 
and (2.6). These alternative structures were used instead because they are more similar 
to the silyl-pyridone complexes (2.4) than are (2.5) or (2.6). Compounds (2.5)-(2.8) are 
all examples of the limiting structures (2.1) or (2.3). (2.8) was prepared by titration of 
disiloxane (2.7) with TMS-OTf in CDCI3 solution. As TMS-OTf in this case was 
being titrated against a disiloxane, two equivalents of TMS-OTf were required to 
generate (2.8). So in the titration of (2.7), an Si-O bond is x % formed when the NMR 
chemical shifts of the disiloxane indicate x % (2 .8) in the mixture, i.e. when a 0 .(2x) 
fraction of TMS-OTf had been added. Similar linear plots of chemical shift against 
mole fraction TMS-OTf to those shown in Figure 2.1 were obtained for these 
compounds.
R-
Si-
/ \
Me Me
(2.7)
O
2
"OTfR
OSiMe
Me Me
(2.8)
The NMR chemical shifts of the carbons in the aromatic ring of (2.7) 
(R=H) were compared with those of (2.5), another non silicon-containing model of 
zero substitution. A strong similarity between the data sets confirmed that the silicon in
(2.7) is tetracoordinate. The series of unsubstituted pyridone complexes (2.9), along 
with their respective model complexes (2 .10) and (2 .11), shall be used to show how 
the calculations were performed.
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OSi
Me
X = F, Cl, Br, OTf
(2.9)
N O
Si-
/ \  
Me Me
O
•^ 2
OTf
N OSiMeg
Si-
(2.10)
/ \  
Me Me
(2.11)
O
2
The chemical shift of each ring carbon in a complex (2.9) is compared with the 
limiting  values that it holds in (2.10) and (2.11). The percentage silicon-oxygen 
bonding (extent of reaction) can be calculated for each carbon on the basis of its 
relative chemical shift position between (2.10) and (2.11). For example, if a particular 
ring carbon has a chemical shift of Ô 143 in (2.10) and 8 138 in (2.11), then a chemical 
shift of 8 140 for that carbon in one of the complexes (2.9) represents 60% silicon- 
oxygen bonding (Figure 2.2). The mean of these values could then be calculated to give 
the overall value for each complex. The alternative method, which shall not be used, is 
to plot each complexes ring carbon chemical shifts onto the appropriate line of the 
titration graph and read off the percentage silicon-oxygen bond formation for each 
carbon.
Figure 2.2
(2.10)
0% 0-Si model
(2.9)
0-Si% = 60 (2.11)
100% O-Si model
I I  I I  I  I 
143 140 138
chemical shift (/ppm)
Figure 2.3
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The values are plotted against the chemical shifts in Figure 2.3 and 
tabulated in Table 2.1 below.
Table 2.1
X F Cl Br OTf
% Si-0 27 50 70 96
Similar calculations were performed for the series of complexes where R = 
6-Me, 6-Cl, 5-Cl, 3-OMe and 3-N0 2 - For a given R-group the order of decreasing 
percentage of Si-O bond formation was found to be dependant on X in the order X = 
OTf > Br > Cl > F. For the series of fluoride complexes (i.e. X = F) the effect of 
substituents R was found to decrease the percentage of ‘Si-O bond formation’ in the 
order R = 6-Me > 6-Cl > H > 5-Cl > 3-OMe > 3-N0 2 - This is the order of increasing 
electron-withdrawing character of the R group as experienced by the pyridone 
carbonyl group.
Having calculated the percentage O-Si bonding for each complex, the next step 
is to correlate it with the coordination state of the silicon. Pentacoordination at silicon 
has been found to cause a ^^Si NMR up-field chemical shift of as much as 70 ppm 
from four-coordinate silicon. The highest field shifts measured for complexes of type
(2.4) have been for compounds (R = 6-Cl, X = Cl) and (R = H, X = Cl), both having 
values of approximately Ô -40.
Compound (1 .3 8 )^ 7  is fully pentacoordinate at one of its silicon centres and 
fully tetracoordinate at the other, with solution ^^Si chemical shifts of Ô -40 and 5 4-28 
respectively. Therefore the limits of 100% (Ô -40) and 0% (ô 4-28) pentacoordination 
are assigned to a fully pentacoordinate (2.2) structure and (2.1) respectively. The 
typical ^^Si chemical shift of (2.3) is taken to be the value measured for (2.6) (Ô 4-40). 
Although the 29si chemical shift is affected by the nature of the substituent, for the 
leaving groups F, Cl, Br and OTf it is considerably smaller than the effect of 
coordination number. With these limits in mind, each complex’s ^^Si chemical shift 
was assigned a percentage pentacoordination value. This could then be plotted against 
its respective percentage O-Si bond formation (i.e. extent of reaction) (Figure 2.4). The 
calculation, similar to that to determine percentage O-Si bond formation, compares the
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measured chemical shift with appropriate limiting values and expresses its position in 
percentage terms. Which of the two 0% pentacoordination limits is used depends on 
the percentage O-Si bond formation value of each complex. For complexes with less 
than 50% O-Si bond formation, the value for model (2.1) is assumed. For complexes 
with greater than 50% O-Si bond formation, the value for model (2.3) is assumed. This 
approach is also applied in Chapter 3.
Figure 2.4
Map of nucleophilic substitution at silicon 
modelled by 2-pyridones
100-,
90-
80-
60-o
1 0 -
0 10 20 30 40 50 60 70 80 90 100
X = Fluoride 
X = Chloride 
X = Bromide 
X = Triflate
Percentage O-Si bond formation 
The inverted 'V  shape is characteristic of the transition from tetra, through 
penta to tetra coordination that occurs during conventional Sn2 substitution at silicon.
Although we have discussed compounds of type (2.2) as existing as single 
structures in solution, it is also possible that the chemical shifts measured are the time 
averaged result of fast equilibria between (2.1) and (2.2) aiid/or (2.2) and (2.3). In both 
cases (2.2) is a fully pentacoordinate structure (Figure 2.5).
Figure 2.5
Nu:
R
(2.1)
■X Nu M- —  X
i
n / - m
R" R
FuUy pentacoordinate 
(2.2)
R
(2.3)
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Therefore the differences in chemical shifts are caused by differences in the 
position of each equilibrium from compound to compound. Evidence that complexes
(2.9) exist in isolation in solution rather than being artefacts of an equilibrium mixture 
came from conductivity measurements of complex (2 .12a), which has a percentage
O-Si bond formation of 70. Solutions of this complex 
do not conduct e l e c t r i c i t y . jf we were observing a 
fast equilibrium it would be between structures (2 .2) 
and (2.3). An appreciable concentration of the ionic 
component (2.3) would therefore be expected to lead to 
a high conductivity.
• f cX = Br (2.12a) |
X = Cl (2.12b) X
2.1.3: Variable temperature NMR studies
Kummerll^ has recently undertaken a comprehensive variable temperature 
NMR study of complex (2.12b). As with his previous work with pyridone-imines 
(1.32) ,40 it was noted that a decrease in CDCI3 solution temperature led to increasing 
pyridinium ring character. This was shown by the ring NMR chemical shifts and 
confirmed the greater degree of substitution. At room temperature he observed a 
minima in the ^^Si chemical shift (Ô -39) (Figure 2.6) assigned to a fully 
pentacoordinate structure. When the solution was either heated (maximum 100°C) or 
cooled (minimum -60°C) he observed a down field movement of the chemical shift. 
Figure 2.6
60 -
3  2 0  -
E -20
-60 -
-37 -38
529-Si
This was due to the structure reverting in character towards its tetracoordinated 
open-chain (2.13) and fully ‘substituted’ (2.14) structural forms respectively 
(Figure 2.7).
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Figure 2.7
N' ' ^ 0
S A  Me
Cl
(2.13)
Cl
(2 .12b)
V'•n
cr
Me
Me
(2.14)
<— Increase of temperature | Decrease of temperature—>
2.2: Quinoline ligands and their coordination chemistry
8-Hydroxyquinoline (2.15) and 2-(lH)-quinolinone (2.16) can act as bidentate 
ligands, although not widely reported in the literature. Mason et have synthesised 
a series of pentacoordinate and hexacoordinate tin complexes (2.17) using 
8-hydroxyquinoline.
OH
(2.15)
H
(2.16)
(2.17)
(n = 1, R = Phj, Mcg, Et ,^ "Bu  ^
PhjCl, EtjCl, "OctjCl)
(n = 2, R = Ph, ”Bu, Et, Me )
Two silicon analogues (2.18) and (2.19) have also been reported.
(2.18)
6 % i  = -21.0
1
N ^
t
0 ---- -S iM e 2 Cl
(2.19)
Ô ^^Si = 19.6
SiMe^
The 2^Si NMR shift of (2.18) indicates significant N-Si hypercoordination. 
However without the electronegative chlorine, compound (2.19) has a ^^Si chemical 
shift typical of a tetracoordinate species. Several antimony (V) complexes (2.20) and
(2 .21) have also been prepared.
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SbRgX
(2.20)
X = Cl, Br.
R = Me, Et, Ph
/
SbRc
(2.21)
The complexes (2.21) are particularly fluxional in CDCI3 solution due to the 
weakness of the N-Sb bonds. The antimony is regarded largely as a pentacoordinate 
centre where the quinoline acts as a mono dentate hgand.
(2.22) / \  (2.23)
Me Me
Figure 2.8
The crystal structure of the eight- 
coordinate Rhenium (V) complex
(2 .2 2 ) has been reported by 
Walton et al and contains a 
single chelating 2 -quinolinone 
ligand. The environment of the 
rhenium atom is best described as 
a distorted dodecahedron 
(Figure 2.8). The complex (2.23)
OR.TE P rcprcscniii t ion ot ihc siruciurc of I he Cl jh  t "toordinnc 120
complex RcHUhqX PPhj); . Thclherm ai ellipsoids arc drawn at the e c e n t l y  p r C p a r e O .
50% probability level, and the carbon atoms of the phenyl rings of the
PPhj ligands and the four hydrido ligands are represented as circles of The NMR SpeCtra of (2.23) 
arbitrary radius.
conclude that the silicon is 
completely tetracoordinate.
In this chapter we shall use (2.16) for the first time to stabilise five-coordinate 
silicon. (3*16), lilco its 2 pyridone analogues provides a suitable backbone for the study 
of nucleophilic substitution at silicon in solution using NMR spectroscopy. Since the 
same mode of intramolecular coordination is present we can directly re-apply the
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C2IIcm cm C 2I3
cue Q 12
C231,C 2 IIcm
CZ2I
CI2: ca» cas
C12S
solution-phase mapping methodology to this ligand. With the greater number of 
carbons in the extended aromatic ring system we can examine the sensitivity to change 
of the NMR chemical shifts of the carbons more remote from the substitution site. 
In practical terms it has proved easier to grow single crystals of the quinoline-based 
complexes than of the pyridones. For the first time we can therefore compare the 
structures of the complexes in solution and in the solid state.
2.3; Synthesis of complexes
2-Trimethylsiloxyquinoline (2.24) (Figure 2.9) is the precursor to all the 
quinoline complexes (2.25a-d). It is readily isolated by the silylation of 
2-( 1H)-quinolinone (2.16).
Figure 2.9
Et2NSiMe3
Toluene
I
H 5 hours, A
N OSiMeg
(2.16) (2.24)
The silyl chloride (2.25b) and silyl bromide (2.25c) complexes (Figure 2.10) are 
prepared quantitatively from the reaction of (2.24) with the appropriate 
chloro(halomethyl)dimethylsilane in dry benzene.
Figure 2.10
SiMejCl
(2.24)
(X = Cl, Br) 
Benzene, 30 mins. g|,i\\Me
(2.25b) X = Cl 
(2.25c) X = Br
The fluoride (2.25a) and triflate (2.25d) derivatives are obtained from reactions 
of (2.25b) with antimony trifluoride and TMS-OTf respectively (Figure 2.11).
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Figure 2.11
(2.25b)
SbF.
Benzene, 1 hr.
(2.25b)
TMS-OTf
Benzene, 30 mins.
(2.25a)
. a\\ Me 
^M e
(2.25d)
: .»\\ Me
^M e
OTf
2.4: Synthesis of model complexes
The hydrolysis of (2.25b) and self-condensation of the transient silanol in an 
acetone-water mixture readily forms the parent disiloxane (2.26). By analogy with the 
pyridine work, this compound is a good model for the completely ‘unsubstituted’ 
silicon centre (0% nucleophile-Si bond) (Figure 2.12).
Figure 2.12
2 (2.25b)
1:1 acetone/water
16 hours
(- 2HC1, - H2O)
(2.26)
Titration of (2.26) with aliquots of TMS-OTf gave a linear relationship between 
the ring chemical shifts and the proportion of TMS-OTf added. After two 
equivalents of the triflate had been added, no further chemical shift changes occurred 
and the NMR data was consistent with structure (2.27). This is the model chosen for 
complete ‘substitution’ (100% nucleophile-Si bond) (Figure 2.13).
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Figure 2.13
2 equiv. Me^SiOTf
(2.26)  ►
CDCU a N  -OTfOSiMe,
(2.27)
SiMc2 — O 
2
For solutions containing less than 2.0 equivalents TMS-OTf, fast (on the NMR 
time scale) exchange of the trimethylsilyl groups means only a single set of average 
resonances are observed. The positions of the resonances are representative of the 
appropriate ratio of (2.26) and (2.27). The data is summarised in Table 2.2 and plotted, 
excluding the 4 equivalents data set, in Figure 2.15. The numbering scheme used is 
shown in Figure 2.14.
Figure 2.14
(Numbering scheme 
for the ring carbons)
Table 2.2
Equiv.
TMSOTf
chemical shift of ring carbons (/ppm)
C-2 C-3 C-4 C-4a C-5 C-6 C-7 C-8 C-8a
0 161.8 120.9 138.4 120.8 128.7 121.8 130.3 115.3 139.9
0.4 162.1 118.8 140.5 121.4 129.1 123.1 131.3 115.9 139.2
0.8 162.1 117.8 141.3 121.6 129.2 123.6 131.7 116.1 138.9
1.2 162.2 117.0 142.3 121.8 129.4 124.1 132.1 116.3 138.6
1.6 162.6 115.4 144.2 122.4 129.7 125.2 132.9 116.8 138.2
2 163.3 113.7 146.3 123.2 130.1 126.5 133.9 117.1 137.6
4 163.5 113.5 146.9 123.5 130.2 126.9 134.2 117.2 137.6
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Figure 2.15
chemical shift changes during titration of 
(2.26) with TMS-OTf.
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2.5: Solution calculations
C o m p a r i s o n  o f  t h e  l ^ c  c h e m i c a l  s h i f t s  o f  c o m p l e x e s  (2.25a-d) w i t h  t h e i r  
r e s p e c t i v e  v a l u e s  i n  c o m p l e x e s  (2.26) a n d  (2.27) e n a b l e s  t h e  p e r c e n t a g e  O - S i  b o n d  
f o i - m a t i o n  o f  e a c h  c o m p l e x  t o  b e  o b t a i n e d .  T h e  s a m e  t y p e  o f  c a l c u l a t i o n s  a s  p r e v i o u s l y  
a p p l i e d  t o  p y r i d o n e s  a r e  u s e d  ( F i g u r e  2 . 2 ) .  T h e  r i n g  l ^ c  d a t a  i s  p r e s e n t e d  i n  T a b l e  2 . 3 .  
T h e  p e r c e n t a g e  S i - 0  b o n d  f o r m a t i o n  c a l c u l a t e d  f o r  e a c h  c a r b o n  i n  e a c h  c o m p l e x  a n d  a s  
a n  o v e r a l l  ( m e a n )  v a l u e  f o r  e a c h  c o m p l e x  i s  s h o w n  i n  T a b l e  2 . 4 .  T h e  c h e m i c a l  s h i f t  
c h a n g e s  o f  a l l  r i n g  c a r b o n s  e x c e p t  C 2 w e r e  u s e d  i n  t h e  c a l c u l a t i o n s .  T h i s  i s  b e c a u s e  t h e  
C 2 c h e m i c a l  s h i f t  c h a n g e  i s  l a r g e l y  t h e  s a m e  i n  e a c h  c o m p l e x .
Table 2.3
C o m p l e x
O c  c h e m i c a l  s h i f t  o f  r i n g  c a r b o n s  ( / p p m )
C - 2 C - 3 C - 4 C - 4 a C - 5 C -6 C - 7 C -8 C - 8 a
(2.26) 1 6 1 . 8 1 2 0 . 9 1 3 8 . 4 120.8 1 2 8 . 7 121.8 1 3 0 . 3 1 1 5 . 3 1 3 9 . 9
(2.25a) 1 6 2 . 9 1 1 7 . 1 1 4 1 . 4 1 2 1 . 4 1 2 9 . 0 1 2 3 . 6 1 3 1 . 8 1 1 5 . 9 1 3 9 . 3
(2.25b) 1 6 3 . 4 1 1 5 . 4 1 4 3 . 1 1 2 1 . 9 1 2 9 . 3 1 2 4 . 8 1 3 2 . 7 1 1 6 . 5 1 3 8 . 1
(2.25c) 1 6 3 . 4 1 1 4 . 6 1 4 4 . 1 1 2 2 . 3 1 2 9 . 4 1 2 5 . 5 1 3 3 . 3 1 1 7 . 1 1 3 7 . 8
(2.25d) 1 6 3 . 4 1 1 3 . 8 1 4 5 . 5 122.8 1 2 9 . 7 1 2 6 . 4 1 3 3 . 9 1 1 7 . 2 1 3 7 . 7
(2.27) 1 6 3 . 3 1 1 3 . 7 1 4 6 . 3 1 2 3 . 2 1 3 0 . 1 1 2 6 . 5 1 3 3 . 9 1 1 7 . 1 1 3 7 . 6
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Table 2.4
C o m p l e x
C a l c u l a t e d  %  S i - O  b o n d  f o r m a t i o n
O v e r a l l  
% Si-O*C-2* C - 3 C - 4 C - 4 a C - 5 C -6 C - 7 c-8 C-8a
(2.26) 0 0 0 0 0 0 0 0 0 0
(2.25a) 7 3 5 3 38 2 5 21 38 4 2 3 3 2 6 3 5
(2.25b) 1 0 7 7 6 6 0 4 6 4 3 6 4 6 7 6 7 78 6 3
(2.25c) 1 0 7 88 7 2 6 3 5 0 78 83 100 9 1 78
(2.25d) 1 0 7 9 9 9 0 83 7 1 98 100 1 0 6 9 6 9 3
(2.27) 100 100 100 100 100 100 100 100 100 100
*  T h e  C ]  c h e m i c a l  s h i f t  c h a n g e  i s  l a r g e l y  c o n s t a n t  d u r i n g  ‘ s u b s t i t u t i o n ’ .  T h i s  r e s u l t s  i n  
s p u r i o u s  p e r c e n t a g e  f i g u r e s .  T h e s e  a r e  i g n o r e d  i n  t h e  a v e r a g i n g  c a l c u l a t i o n s .
T h e  a c c u r a c y  t o  w h i c h  a  c h e m i c a l  s h i f t  c a n  b e  m e a s u r e d  s o m e t i m e s  r e s u l t s  i n  
p e r c e n t a g e  v a l u e s  g r e a t e r  t h a n  1 0 0 .  T h e s e  a r e  c a r r i e d  t h r o u g h  t h e  c a l c u l a t i o n s  
u n - a d j u s t e d  a s  i n a c c u r a c y  i n  t h e  m e a s u r e m e n t  i s  e q u a l l y  l i k e l y  t o  c a u s e  o t h e r  
p e r c e n t a g e s  t o  b e  a r t i f i c i a l l y  r e d u c e d .  T h e  N M R  c h e m i c a l  s h i f t s  a r e  p l o t t e d  a g a i n s t  
t h e  p e r c e n t a g e  O - S i  b o n d  f o r m a t i o n  i n  F i g u r e  2 . 1 6 .
Figure 2.16
Ring chemical shift changes for complexes (2.25a-d),
(2.26) & (2.27) as a function of percentage S i-0  bond formation.
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T h e  c h e m i c a l  s h i f t s  o f  t h e  c o m p l e x e s  (2.25a-d), (2.26) a n d  (2.27) c l o s e l y  m i r r o r  
t h o s e  o b t a i n e d  b y  t h e  t i t r a t i o n  o f  (2.26) a n d  T M S - O T f  ( F i g u r e  2 . 1 7 ) .  T o  c o m b i n e  t h e  
d a t a ,  t h e  ‘ e q u i v a l e n t s  o f  T M S - O T f  v a l u e s  f r o m  t h e  t i t r a t i o n  a r e  c o n v e r t e d  i n t o  t h e  
p e r c e n t a g e  O - S i  b o n d  f o r m a t i o n  v a l u e s  t h e y  r e p r e s e n t .
Figure 2.17
Comparison of the chemical shift changes measured 
in the (2.26) and TMS-OTf titration and the complexes
(2.25a-d), (2.26) and (2.27).
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T h e  p r e v i o u s  w o r k  w i t h  p y r i d o n e s  h a s  s h o w n  f o r  c o m p l e x e s  c o n t a i n i n g  t h e  
‘ l e a v i n g  g r o u p s ’  X =  F ,  C l ,  B r  a n d  O T f ,  t h a t  t h e  ^ ^ S i  N M R  c h e m i c a l  s h i f t s  p r o v i d e  a  
v e r y  s e n s i t i v e  i n d i c a t o r  o f  t h e  c o o r d i n a t i o n  s t a t e  o f  t h e  s i l i c o n  c e n t r e .  O t h e r  
e n v i r o n m e n t a l  f a c t o r s  s u c h  a s  t h e  s u b s t i t u e n t  e f f e c t  h a v e  b e e n  s h o w n  t o  b e  
c o m p a r a t i v e l y  s m a l l  f o r  c o m p o u n d s  w i t h  t h e s e  g o o d  ‘ l e a v i n g  g r o u p s ’ .  W e  r e g a r d  a  
c h e m i c a l  s h i f t  o f  Ô  - 4 0  a s  i n d i c a t i n g  a  w h o l l y  ( 1 0 0 % )  p e n t a c o o r d i n a t e  s i l i c o n  a n d  
v a l u e s  o f  5  - 4 - 2 8  t o  s u g g e s t  a  c o m p l e t e l y  ‘ u n s u b s t i t u t e d ’  s i l i c o n  ( i . e .  0 %  
p e n t a c o o r d i n a t e ) .  T h e  2 9 s i  c h e m i c a l  s h i f t  o f  (2.28b), (8 1 2 . 2 ) ,  i s  u s e d  a s  t h e  t y p i c a l  
v a l u e  f o r  a  c o m p l e t e l y  ‘ s u b s t i t u t e d ’  ( 0 %  p e n t a c o o r d i n a t i o n )  s i l i c o n  c e n t r e .  T h e  
p y r i d o n e  a n a l o g u e  o f  (2.28b), (2.6) w a s  u s e d  s i m i l a r l y  i n  c o n j u n c t i o n  w i t h  c o m p l e x e s  
(2.9). (2.28b) i s  p r e p a r e d  i n  s o l u t i o n  b y  t r e a t i n g  (2.28a) w i t h  o n e  e q u i v a l e n t  o f  
T M S - O T f  i n  C D C I 3 .
O T fr T
1
(2.28a) M e (2.28b)
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I
M e
B y  t h e  a p p l i c a t i o n  o f  t h e s e  l i m i t s  t o  c o m p l e x e s  (2.25a-d), (2.26) a n d  (2.27), a
p e r c e n t a g e  p e n t a c o o r d i n a t i o n  m a y  b e  c a l c u l a t e d  f o r  e a c h  c o m p l e x  ( T a b l e  2 . 5 ) .
C o m p l e x e s  (2.26) a n d  (2.27) a r e  o n l y  s u i t a b l e  m o d e l s  o f  t h e  e x t r e m e s  o f  s u b s t i t u t i o n  b y
1 3 c  N M R  s p e c t r o s c o p y .  T h i s  i s  b e c a u s e  w h e n  t h e  X - g r o u p  a t  s i l i c o n  i s  a  r e l a t i v e l y
p o o r  ‘ l e a v i n g  g r o u p ’  ( e f f e c t i v e l y  a n  0 - a l k y l  g r o u p )  i t  h a s  a  s i g n i f i c a n t  s u b s t i t u e n t  e f f e c t
o n  t h e  2 ^ S i  c h e m i c a l  s h i f t .  T h e r e f o r e  t o  i n c l u d e  c o m p l e x e s  (2.26) a n d  (2.27) i n
T a b l e  2 . 5 ,  t h e s e  c o m p o u n d s  m u s t  b e  s e t  b y  d e f a u l t  t o  0 %  p e n t a c o o r d i n a t i o n .  T h e
e v i d e n c e  t h a t  ( 2 . 2 6 )  c o n t a i n s  t e t r a c o o r d i n a t e  s i l i c o n  c o m e s  i n s t e a d  f r o m  t h e  s i m i l a r i t y
o f  i t s  r i n g  I 3 c  N M R  s p e c t r u m  t o  t h a t  o f  a n  a l t e r n a t i v e ,  n o n  s i l i c o n - c o n t a i n i n g  m o d e l  o f
z e r o  s u b s t i t u t i o n ,  (2.28a) ( T a b l e  2 . 6 ) .
Table 2.5
C o m p l e x (2.26) (2.25a) (2.25b) (2.25c) (2.25d) (2.27)
% 0-Si 0 3 5 6 3 7 8 9 3 100
8 29Si ( 1 . 1) - 2 5 . 4 -38.4 -28.9 -8.0 ( 1 1 . 7 / - 0 . 8 )
%  p e n t a 0 7 9 9 7 7 9 3 8 0
able 2.6
C o m p l e x
1 3 c  c h e m i c a l  s h i f t  o f  r i n g c a r b o n s  ( / p p m )
C - 2 C - 3 C - 4 C - 4 a C - 5 C-6 C - 7 C-8 C-8a
(2.26) 1 6 1 . 8 120.9 138.4 120.8 128.7 121.8 1 3 0 . 3 1 1 5 . 3 139.9
(2.28a) 1 6 1 . 4 1 2 0 . 7 138.2 1 1 9 . 8 128.0 1 2 1 . 3 129.9 1 1 3 . 3 1 3 9 . 1
B y  p l o t t i n g  t h e  p e r c e n t a g e  O - S i  b o n d  f o r m a t i o n  a g a i n s t  t h e  p e r c e n t a g e  
p e n t a c o o r d i n a t i o n ,  a  t w o  d i m e n s i o n a l  m a p  o f  t h e  d e v e l o p m e n t  o f  c o o r d i n a t i o n  c a n  b e  
d r a w n  ( F i g u r e  2 . 1 8 ) .
Figure 2.18
A map of the development of pentacoordination in 
solution based on complexes (2.25a-d), (2.26) and (2.27)
A  4 0 -
T------1------ 1------ 1------ 1------1------1------ 1------ T
1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  1 0 0
P e r c e n t a g e  O - S i  b o n d  f o r m a t i o n
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D a t a  p o i n t s  f o r  c o m p l e x e s  (2.25a-d) m a y  b e  a d d e d  t o  F i g u r e  2 . 4  a s  t h e y  m o d e l  
t h e  s a m e  g e n e r a l  s u b s t i t u t i o n  ( F i g u r e  2 . 1 9 ) .
Figure 2.19
Combined plot of the development of pentacoordination 
at silicon for pyridone and quinoline complexes
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F i g u r e  2 . 1 7  s h o w s  t h a t  i n  g e n e r a l  t h e  c h e m i c a l  s h i f t  c h a n g e s  d u r i n g  t h e  
t i t r a t i o n  e x p e r i m e n t  a r e  l i n e a r  a n d  a  g o o d  r e p r e s e n t a t i o n  o f  t h e  w a y  t h e y  c h a n g e  i n  t h e  
m o d e l l e d  s u b s t i t u t i o n .  T a b l e  2 . 4  s h o w s  h o w  a s  t h e  ‘ l e a v i n g  g r o u p  a b i l i t y ’  i s  i n c r e a s e d ,  
s o  t h e  p e r c e n t a g e  O - S i  b o n d  f o r m a t i o n  s i m i l a r l y  i n c r e a s e s .
F i g u r e  2 . 1 8  d i s p l a y s  t h e  c h a r a c t e r i s t i c  i n v e r t e d  ‘ V ’ - p l o t  o f  F i g u r e  2 . 4  s h o w i n g  
t h e  c h a n g e  i n  c o o r d i n a t i o n  n u m b e r  o f  t h e  s i l i c o n  f r o m  t e t r a ,  t h r o u g h  p e n t a  t o  
t e t r a c o o r d i n a t i o n .  W h e n  t h e  p y r i d o n e  a n d  q u i n o l i n e  c o m p l e x e s  d a t a  a r e  c o m b i n e d  i n  
F i g u r e  2 . 1 9  i t  c a n  b e  s e e n  t h a t  t h e y  o v e r l a p  w e l l .  T h e  p e r c e n t a g e  O - S i  b o n d  f o r m a t i o n  
o f  e a c h  q u i n o l i n e  c o m p l e x  i s  c a l c u l a t e d  a s  b e i n g  s l i g h t l y  h i g h e r  t h a n  i t s  u n s u b s t i t u t e d  
p y r i d o n e  a n a l o g u e  ( T a b l e  2 . 7 ) .
Table 2.7
R i n g C a l c u l a t e d  p e r c e n t a g e  O - S i b o n d
s y s t e m F C l B r O T f
Q u i n o l i n e  (2.25a-d) 3 5 6 3 7 8 93
P y r i d o n e  (2.9) 2 8 5 0 7 0 9 0
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T o  t r y  t o  e x p l a i n  w h y  t h e  q u i n o l i n e  l i g a n d  i s  a  s t r o n g e r  ‘ n u c l e o p h i l e ’  t h a n  t h e  
u n s u b s t i t u t e d  p y r i d o n e  l i g a n d  w e  s h a l l  c o n s i d e r  t h e  r e s o n a n c e  s t a b i l i s a t i o n  o f  t h e  f u l l y  
‘ s u b s t i t u t e d ’  s i l y l - q u i n o l i n e  ( F i g u r e  2 . 2 0 )  a n d  p y r i d o n e  ( F i g u r e  2 . 2 1 )  c a t i o n s .
F i g u r e  2 . 2 0
S i M e oS i M e oS i  M e ?
S i M e ? SiMe2 S i M e ?
F i g u r e  2 . 2 1
+
— ► — ► 1 1
0+1 01 N 0 +
SiMe2 1— —  SiMc2 1
1
—  SiMc2
0
1
SiMe2
N 0
1
SiMc2
I n  a d d i t i o n ,  s t r u c t u r e s  A ,  B ,  C  a n d  E  e a c h  g i v e  r i s e  t o  a  f u r t h e r  r e s o n a n c e  
h y b r i d  d u e  t o  t h e  a r o m a t i c i t y  o f  t h e  f u s e d  b e n z e n e  r i n g .
O n e  s i m p l e  j u s t i f i c a t i o n  f o r  t h e  i n c r e a s e d  n u c l e o p h i l i c i t y  o f  t h e  q u i n o l i n e  
o x y g e n  a t  s i l i c o n  c o m p a r e d  t o  t h e  p y r i d o n e  o x y g e n  i s  t h a t  t h e  q u i n o l i n e  l i g a n d  p r o v i d e s  
a  g r e a t e r  n u m b e r  o f  r e s o n a n c e  f o r m s  f o r  t h e  s t a b i l i s a t i o n  o f  t h e  p o s i t i v e  c h a r g e  a n d  s o  
i s  t h e  m o r e  s t a b l e  c a t i o n .
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2.6: Solid state structures
T h e  s i n g l e  c r y s t a l  X - r a y  s t r u c t u r e s  a t  l O O K  o f  c o m p l e x e s  ( 2 . 2 5 a - d )  h a v e  b e e n  
o b t a i n e d  t o  e n a b l e  a  c o m p a r i s o n  w i t h  t h e i r  s t r u c t u r e s  i n  s o l u t i o n .  T h e  O R T E P  d i a g r a m s  
a r e  p r e s e n t e d  i n  o r d e r  o f  i n c r e a s i n g  ‘ l e a v i n g  g r o u p ’  a b i l i t y  w i t h  t h e  h y d r o g e n s  o m i t t e d  
f o i  c l a r i t y .  F u l l  s t r u c t u r a l  d a t a  i s  p r e s e n t e d  i n  t h e  a p p e n d i x .
2 . 6 . 1 :  F l u o r i d e  c o m p l e x  ( 2 . 2 5 a )
F i g u r e  2.22 C 4
C.->‘
C3
C4A
C6
C2
C 7
( 2 . 2 5 a )
C 9
SiO = 2.06Â 
SiF = 1.68Â 
N-Cg-Si = 113.3° E, 
O-Si-F = 171.5°
0-Si-C g= 80.7° 
F-Sl-Cg = 90.8° 
c - s i - c  = 357.7°
CIÜ
Cl
A t  2 . 0 6 A  t h e  S I O  d i s t a n c e  r e p r e s e n t s  t h e  w e a k e s t  ‘ n u c l e o p h i l i c ’  i n t e r a c t i o n  w i t h
t h e  s i l i c o n .  T h e  S i - F  b o n d  i s  e l o n g a t e d  s l i g h t l y  b y  t h e  r e l a t i v e l y  d i s t a n t  n u c l e o p h i l e  a n d
I S  a b o u t  0 . 1 Â  l o n g e r  t h a n  a  t y p i c a l  t e t r a c o o r d i n a t e  S l - F  b o n d .  F o r  a  w e a k  ‘ n u c l e o p h i l e ’
t o  s i l i c o n  I n t e r a c t i o n  i t  i s  s u r p r i s i n g  t h a t  t h e  s i l i c o n s  g e o m e t r y  i s  s o  h i g h l y  t r i g o n a l -
b i p y r a m l d a l .  T h e  s u m  o f  t h e  e q u a t o r i a l  g r o u p s  b o n d  a n g l e s  a t  s i l i c o n  i s  c l o s e  t o  3 6 0 '  
a n d  t h e  C g - S i - F  a n g l e  i s  c l o s e  t o  9 0 ° .
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2.6.2: Chloride complex (2.25b)
Figure 2.23
( 4
C'3
C4A
C2
C6
C8A
( 8
(2.25b) C'9
SiO= 1.94Â 
SiCl = 2.32Â 
N-Cg-Si = 109.0“ 
0-Si-Cl = 171.3°
0-Si-Cg= 84.1° 
Cl-Si-Cg = 87.2°
^ c - S i - c  =  3 5 9 . 8 °
( 1 0
I n  t h i s  c o m p l e x  t h e  ‘ n u c l e o p h i l e ’  i s  a b o u t  0 . 1 Â  c l o s e r  t o  t h e  s i l i c o n  c e n t r e  t h a n  
i n  (2.25a) ( F i g u r e  2 . 2 2 ) .  A s  a  r e s u l t ,  t h e  e x t e n s i o n  o c c u r r i n g  i n  t h e  S i - X  b o n d  h a s  
i n c r e a s e d .  T h e  S i - C l  b o n d  l e n g t h  o f  2 . 3 2 Â  i s  a p p r o x i m a t e l y  0 . 3 Â  l o n g e r  t h a n  a  
c o n v e n t i o n a l  S i - C l  b o n d .  T h e  N - C g - S i  f r a g m e n t  b o n d  a n g l e  h a s  d e c r e a s e d  s l i g h t l y  a n d  
t h e  O - S i - C g  b o n d  a n g l e  i n c r e a s e d  s l i g h t l y  f r o m  (2.25a) a s  a  r e s u l t  o f  ‘ r i n g  c l o s u r e ’  
b e t w e e n  t h e  s i l i c o n  a n d  t h e  o x y g e n ;  C g  a c t i n g  a s  a  hinge b e t w e e n  t h e  n u c l e o p h i l i c  a n d  
e l e c t r o p h i l i c  c e n t r e s .  T h e  s u m  o f  t h e  e q u a t o r i a l  b o n d  a n g l e s  a t  s i l i c o n ,  3 5 9 . 8 ° ,  i n d i c a t e s  
t h a t  t h e  [ C H 2 S i M e 2 ]  m o i e t y  i s  v i r t u a l l y  p l a n a r .
2.6.3: Bromide complex (2.25c)
T h e  ‘ n u c l e o p h i l e ’  h a v i n g  a p p r o a c h e d  t h e  s i l i c o n  c e n t r e  b y  a  f u r t h e r  0.11Â f r o m  
(2.25b) i s  n o w  causing c o n s i d e r a b l e  d e f o r m a t i o n  o f  t h e  S i - X  b o n d  ( F i g u r e  2 . 2 4 ) .  T h e  
o b s e r v e d  S i - B r  b o n d  d i s t a n c e  o f  2 . 6 5 Â  i s  a b o u t  0 . 5 Â  l o n g e r  t h a n  a  c o m m o n  S i - B r  
b o n d .  W i t h  t h i s  d e g r e e  o f  e l o n g a t i o n  w e  c a n n o t  b e  c e r t a i n  o f  t h e  p r e c i s e  n a t u r e  o f  t h e  
S i - B r  b o n d .  T h a t  i s  w h e t h e r  i t  i s  b e s t  d e s c r i b e d  a s  a  s t r e t c h e d  c o v a l e n t  b o n d ,  o r  a n  i o n i c  
b o n d  b e t w e e n  a  b r o m i d e  a n i o n  a n d  a  s i l y l - q u i n o l i n e  c a t i o n .
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Figure 2.24 C4
C5 C3
C 4 A
C 6
C2
C 8 A
C7
C8
(2.25c) C 9
S i O =  1 . 8 5 Â  
S i B r  =  2 . 6 5 Â  
N - C 9- S i =  1 0 6 . 5 °  
O - S i - B r  =  1 6 9 . 4 °
0 - S i - C g =  8 6 . 9 °
B r - S i - C g  =  8 2 . 6 °  
^ c - S i - c  =  3 5 9 . 4
CIO
BR
2.6.4: Triflate complex (2.25d)
Figure 2.25: (2.25d) viewed in 
the x-y plane.
Figure 2.26: (2.25d) viewed along the 
y plane of the quinoline ring.
1 . 7 4  A
T w o  f u r t h e r  d r a w i n g s  ( F i g u r e s  2 . 2 5  a n d  2 . 2 6 )  a r e  p r o v i d e d  o t  (2.25d) i n  
a d d i t i o n  t o  t h e  O R T E P  d i a g r a m  ( F i g u r e  2 . 2 7 ) .  T h i s  i s  b e c a u s e  t h e  O R T E P  d i a g r a m  i s  
n o t  t h e  b e s t  r e p r e s e n t a t i o n  o f  t h e  s h o r t e s t  c o n t a c t  d i s t a n c e  b e t w e e n  t h e  c o u n t e r  i o n s .
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Figure 2.27
C5 C4
( 2 . 2 5 ( 1 )
S i O ,  =  1 7 4 Â
0 , - S i - C g =  8 9 . 9 3 °
S i O z  =  2 7 6 Â
O z - S i - C g =  7 1 . 0 3 °
N - C g - S i =  1 0 3 . 7 0 °
^ C - S i -C  " 3 5 0 . 8 9 °
C3C 4AC6,
C 2
C7 ()1C 8A
ex
C9 CIO
T h e r e  i s  a  s i n g l e  c o n t a c t  d i s t a n c e  ( 0 2 - S i )  ( 2 . 7 6 Â )  b e t w e e n  t h e  c o u n t e r  i o n s  
w i t h i n  t h e  s u m  o f  t h e  v a n  d e r  W a a l s  r a d i i  f o r  s i l i c o n  a n d  o x y g e n  ( 3 . 6 2 Â ) .  T h e  S i - O ]  
d i s t a n c e ,  s o m e  1 . 2 5 Â  l o n g e r  t h a n  a  t y p i c a l  S i - 0  b o n d ,  i s  b e s t  d e s c r i b e d  a s  a n  
e l e c t r o s t a t i c  i n t e r a c t i o n  b e t w e e n  t h e  t r i f l a t e  a n i o n  a n d  a  s i l y l - q u i n o l i n e  c a t i o n .  T h e  n e x t  
c l o s e s t  S i O  c o n t a c t  d i s t a n c e  i s  3 . 9 0 Â  ( b e t w e e n  S i  a n d  O 4 i n  a n o t h e r  a d j a c e n t  t r i f l a t e  
i o n )  a n d  i s  t o o  l o n g  f o r  a  c h e m i c a l  i n t e r a c t i o n .
T h i s  f i n a l  c o m p l e x  o f  t h e  s e r i e s  s h o w s  t h e  g r e a t e s t  d e g r e e  o f  ‘ s u b s t i t u t i o n ’  a n d  
s o  t h e  s m a l l e s t  N - C g - S i  a n g l e  o f  t h e  f o u r  c o m p l e x e s ,  1 0 3 . 7 ° .  T h e  ‘ l e a v i n g  g r o u p ’  i s  
o n l y  w e a k l y  b o u n d  t o  t h e  s i l i c o n ,  w h i c h  s u r p r i s i n g l y  s t i l l  r e s u l t s  i n  c o n s i d e r a b l e  
t r i g o n a l - b i p y r a m i d a l  c h a r a c t e r .  T h e  g e o m e t r y  i s  b e s t  d e s c r i b e d  a s  i n t e r m e d i a t e  b e t w e e n
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t r i g o n a l - b i p y r a m i d a l  a n d  t e t r a h e d r a l .  T h i s  i s  r e f l e c t e d  i n  t h e  s u m  o f  t h e  b o n d  a n g l e s  
b e t w e e n  t h e  ‘ e q u a t o r i a l ’  g r o u p s  a t  s i l i c o n  ( 3 5 0 . 9 ° ) .  F o r  a  t e t r a h e d r a l  s i l i c o n  a n  a n g l e  
s u m  o f  a b o u t  3 2 8 °  i s  e x p e c t e d  w h i l e  3 6 0 °  i s  e x p e c t e d  f o r  a  f u l l y  t r i g o n a l  b i p y r a m l d a l  
s i l i c o n .  A  v i e w  o f  t h e  m o l e c u l e  a l o n g  t h e  S i - C g  b o n d  ( F i g u r e  2 . 2 6 )  s h o w s  t h a t  t h e  
p a c k i n g  r e q u i r e m e n t s  o f  t h e  b u l k y  t r i f l a t e  i o n  c a u s e  t h e  O i - O i  a x i s  t o  b e  d i s t o r t e d  
s l i g h t l y  o u t  o f  t h e  p l a i n  o f  t h e  q u i n o l i n e  r i n g .
U n l i k e  s t r u c t u r e s  (2.25a-c), s t r u c t u r e  (2.25d) c o n t a i n s  a  m o l e c u l e  o f  
r e c r y s t a l l i s a t i o n  s o l v e n t ,  b e n z e n e ,  i n  i t s  l a t t i c e  w h i c h  w a s  o m i t t e d  f r o m  F i g u r e  2 . 2 7 .  
C a l c u l a t i o n s  h a v e  s u g g e s t e d  t h a t  t h e  c a v i t y  i n  w h i c h  t h e  s o l v e n t  m o l e c u l e  r e s i d e s  h a s  
a n  o c c u p a n c y  b y  a  s o l v e n t  m o l e c u l e  o f  a p p r o x i m a t e l y  5 0 % ,  w i t h  f i l l e d  s i t e s  b e i n g  
r a n d o m l y  d i s t r i b u t e d  t h r o u g h  t h e  c r y s t a l .  F i g u r e  2 . 2 8  s h o w s  h o w  t h e  s o l v e n t  m o l e c u l e  
p a c k s  i n  t h e  l a t t i c e ,  a s s u m i n g  a  100 %  s i t e  o c c u p a n c y .
Figure 2.28
\ ^ \
X
X
X \  ' X
I t  i s  t h e  i o n  p a c k i n g  r e q u i r e m e n t s  o f  t h e  b u l k y  t r i f l a t e  g r o u p s  w h i c h  a r e  t h e  
p r o b a b l e  r e a s o n  f o r  t h e  c r y s t a l  c o n t a i n i n g  t h i s  c a v i t y .  T h e r e  a p p e a r  t o  b e  a n  
u n r e s o l v a b l e  c o n t i n u u m  o f  c l o s e l y  r e l a t e d  o r i e n t a t i o n s  t h a t  t h e  s o l v e n t  m o l e c u l e  m a y  
a d o p t  w h e n  o c c u p y i n g  t h e  c a v i t y .  T h i s  a g a i n  v a r i e s  r a n d o m l y  f r o m  o c c u p i e d  p o s i t i o n  t o  
o c c u p i e d  p o s i t i o n .  X - r a y  c r y s t a l l o g r a p h y  v i e w s  t h e  a v e r a g e  p o s i t i o n  o f  e a c h  a t o m
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t h r o u g h  t h e  e n t i r e  c r y s t a l  a n d  t h e r e f o r e  p r o d u c e s  l a r g e  thermal  e l l i p s o i d s  i n  O R T E P  
d i a g r a m s  f o r  a t o m s  w h o s e  p o s i t i o n s  v a r y  c o n s i d e r a b l y  f r o m  u n i t  c e l l  t o  u n i t  c e l l .  T h i s  i s  
w h y  t h e  s o l v e n t  w a s  n o t  i n c l u d e d  i n  t h e  O R T E P  d i a g r a m .  T a b l e  2 . 8  s u m m a r i s e s  t h e  
k e y  c r y s t a l l o g r a p h i c  d a t a .
T a b l e  2 . 8
C o m p l e x ( 2 . 2 5 a ) ( 2 . 2 5 b ) ( 2 . 2 5 c ) ( 2 . 2 5 d )
X F C l B r O T f
0 - S i  m e a s u r e d  ( / Â ) 2 . 0 6 1 . 9 4 1 . 8 5 1 . 7 4
S i - X  m e a s u r e d  ( / A ) 1.68 Z 3 2 2 . 6 5 2 . 7 6
S u m  o f C - S i - C  ( / ° ) 3 5 7 J 3 5 9 ^ 3 5 9 / 1 3 5 0 L 9
N - C g - S i  ( / " ) 1 1 3 . 3 1 0 9 . 0 1 0 6 . 5 1 0 3 . 7
O i - S i - C g  ( / " ) 8 0 J 8 4 T 8 6 . 9 8 9 . 9
X - S i - C g  ( / " ) 9 & 8 8 7 . 2 8 2 . 6 7 1 . 0
O i - S i - X  ( H 1 7 1 . 5 1 7 1 . 3 1 6 9 . 4 1 6 0 . 4
T h e  g e o m e t r y  a r o u n d  t h e  s i l i c o n  s t a y s  h i g h l y  t r i g o n a l  b i p y r a m i d a l  f o r  t h e  
m a j o r i t y  o f  t h e  m o d e l l e d  ‘ r e a c t i o n  c o o r d i n a t e ’ .  O n l y  ( 2 . 2 5 d ) ,  r e p r e s e n t i n g  a  s t r u c t u r e  
c l o s e  t o  t h e  100 %  s u b s t i t u t i o n  l i m i t ,  h a s  a p p r e c i a b l e  t e t r a c o o r d i n a t e  c h a r a c t e r  a t  t h e  
s i l i c o n .  T h e  O i - S i - X  a x i a l  g r o u p  a n g l e  d e v i a t e s  i n c r e a s i n g l y  f r o m  i d e a l  l i n e a r i t y  a s  t h e  
p e r c e n t a g e  0 - S i  b o n d  f o r m a t i o n  i n c r e a s e s  b e c a u s e  t h e  ‘ n u c l e o p h i l e ’  i s  f o r c e d  b y  t h e  
c o n s t r a i n t s  o f  t h e  r i n g  t o  f o l l o w  a  s o m e w h a t  d i s t o r t e d  ‘ a p p r o a c h ’  t o  t h e  s i l i c o n .  T h i s  i n  
t u r n  a f f e c t s  t h e  p a t h  b y  w h i c h  t h e  X - g r o u p  ‘ l e a v e s ’ .  T h e  c a r b o n y l  b o n d  l e n g t h  r e m a i n s  
l a r g e l y  u n a f f e c t e d  ( 1 . 2 7 Â  i n  X  =  F ,  C l ,  1 . 3 0 Â  i n  X  =  B r  a n d  1 . 3 1 Â  i n  X  =  O T f )  b y  t h e  
‘ s u b s t i t u t i o n ’ ,  m a i n t a i n i n g  a  v a l u e  b e t w e e n  t h a t  e x p e c t e d  f o r  a  s i n g l e  ( t y p i c a l l y  1 . 3 6 Â )  
a n d  d o u b l e  b o n d  ( 1 . 2 4 Â  i n  t h e  c r y s t a l  s t r u c t u r e  o f  2 - ( l H ) - q u i n o l i n o n e  ( 2 . 1 6 ) . 1 2 1 ) .
O v e r a l l ,  t h e  s t r u c t u r e s  m o d e l  c o n v i n c i n g l y  t h e  s u b s t i t u t i o n  p a t h w a y ;  t h e  
a p p r o a c h i n g  ‘ n u c l e o p h i l e ’  c a u s i n g  i n c r e a s i n g  ‘ s t r e t c h i n g ’  o f  t h e  S i - X  g r o u p  w h i l e  a t  
t h e  s a m e  t i m e  t h e  f i v e - m e m b e r e d  ‘ r i n g  c l o s u r e ’  t a k e s  p l a c e  w h i c h  p r o g r e s s i v e l y  
r e d u c e s  t h e  N - C g - S i  a n g l e .  ‘ I n v e r s i o n ’  a t  s i l i c o n  i s  n o t e d  b y  E c - S i - C  i n c r e a s i n g  f r o m  
( 2 . 2 5 a )  t o  a  m a x i m a  f o r  ( 2 . 2 5 b )  t h e n  d e c r e a s i n g  t h r o u g h  ( 2 . 2 5 c )  t o  ( 2 . 2 5 d ) ,  w h i l e  a t  t h e  
s a m e  t i m e  t h e  C 9 - S i - ‘ n u c l e o p h i l e ’  b o n d  a n g l e  g r a d u a l l y  i n c r e a s e s  a n d  t h e  C g - S i - X  
b o n d  a n g l e  g r a d u a l l y  d e c r e a s e s .
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2.7: Related work
Me  B a u k o v  a n d  c o - w o r k e r s  h a v e  p e r f o r m e d  a  
s i m i l a r  X - r a y  s t u d y  o n  a  s e r i e s  o f  
p e n t a c o o r d i n a t e d  s i l y l  2 - p y r r o l i d o n e s  a n d  
2 - p i p e r i d o n e s  ( 2 . 2 9 a - d ) d  2 2 - 12 5  T a b l e  2 . 9  
(2 29a) (2 29b) X  =  C l  s u m m a r i s e s  t h e i r  c r y s t a l l o g r a p h i c  d a t a  a n d
V -  o x f compares i t  t o  o u r  o w n .  C o m p l e x e s  (2.29a-d) (z*zyci} A- — u  11
a r e  s i m i l a r  t o  (2.25a-d) i n  t h a t  t h e y  s h o w  a  
d e c r e a s i n g  S i - O  b o n d  l e n g t h  w i t h  i n c r e a s i n g  X - g r o u p  l e a v i n g  a b i l i t y .  T h e  ‘ i n v e r s i o n ’  
o f  t h e  s i l i c o n  d u r i n g  t h e  ‘ r e a c t i o n ’  i s  a l s o  e v i d e n t  f r o m  t h e  p a t t e r n  o f  c h a n g i n g  E c - S i - C  
w i t h  d e c r e a s i n g  S i - O  b o n d  l e n g t h .
I n  t h e  s o l i d  s t a t e ,  t h e  l i g a n d s  o f  c o m p l e x e s  (2.29a-d) w o u l d  n o t  a p p e a r  t o  b e  
c o n s i s t e n t l y  b e t t e r  o r  p o o r e r  ‘ n u c l e o p h i l e s ’  t h a n  q u i n o l i n e s  f o r  a  g i v e n  X - g r o u p .  
H o w e v e r ,  f o r  a  g i v e n  l e a v i n g  g r o u p ,  t h e  c o m p l e x  t y p e  ((2.25a-d) o r  (2.29a-d)) t h a t  h a s  
t h e  s t r o n g e s t  0 - S i  b o n d ,  a l s o  h a s  t h e  m o s t  e x t e n d e d  S i - X  b o n d .  C o m p l e x e s  (2.25b) a n d  
(2.29b) a r e  l a r g e l y  s i m i l a r  i n  g e o m e t r y ,  a s  a r e  (2.25d) a n d  (2.29d). T h e  
f l u o r o s i l y l p y r r o l i d o n e  c o m p l e x  (2.29a) h a s  a n  S i - 0  b o n d  0 . 3 4 Â  l o n g e r  t h a n  i t s  
q u i n o l i n e  a n a l o g u e  (2.25a) a n d  i t s  E c - S i - c i s  4 . 7 °  l e s s  t h a n  i n  (2.25a). T h e r e f o r e  (2.29a) 
i s  t h e  m o r e  t e t r a c o o r d i n a t e  c o m p l e x  o f  t h e  t w o .  I n  c o n t r a s t ,  t h e  b r o m o s i l y l p i p e r i d o n e  
c o m p l e x  (2.29c) c o n t a i n s  a  s t r o n g e r  S i - O  b o n d  a n d  a  m o r e  e l o n g a t e d  S i - B r  b o n d  t h a n  
(2.25c). I n  t e r m s  o f  m o d e l l i n g  S n 2  s u b s t i t u t i o n ,  c o m p l e x e s  (2.29a-d) c o m p r i s e  
s t r u c t u r e s  o v e r  a  w i d e r  ‘ w i n d o w ’  o f  t h e  ‘ r e a c t i o n ’  t h a n  c o m p l e x e s  (2.25a-d). T h e  r a n g e  
o f  m e a s u r e d  S i - O  b o n d  l e n g t h s  i s  2 . 4 0 - 1 . 7 5 Â  f o r  (2.29a-d) c o m p a r e d  t o  2 . 0 6 - 1 . 7 4 Â  f o r  
(2.25a-d).
- 6 6 -
ov
ri
—zesH
<Noo
(N
rr
o i o c
o c
<N
OC
CMOC
oc
(N
cn
o c o c
o co c
(N
OC
O N
rr
O nCM
\C
o c
o c
o c
C N
CM
CM
o
>
e
I
p
1
s
2 cd
13
I
CL
I
13
JH
J3P
0
e
1
13
g
CL
■o
c
c
p
O N
<M
r i
a
c/5
p
;
+
3
1
c /5
2C/5
e?
p
?
6
O NfM
w
3
3
CL
P
x :
B
3
3
8
3
3
I
*
2.8: Structural correlation treatm ent of X-ray data
I n  o r d e r  t h a t  t h e  S i - X  b o n d  e x t e n s i o n s  b e  q u a n t i f i e d  a n d  d i r e c t l y  c o m p a r e d  w i t h  
e a c h  o t h e r ,  a  t e r m  percentage Si-X bond extension s h a l l  b e  i n t r o d u c e d .  W e  s h a l l  
d e f i n e  p e r c e n t a g e  S i - X  b o n d  e x t e n s i o n  a s :
S i - X  e x t e n s i o n  =  ( S i - X ( m e a s u r e d ) )  -  ( S i - X ( t y p i c a l ) ) _ _ _ _ _ _ _ _ _
( Z c r y s t a l  i o n i c  r a d i i  S i " ^  &  X ‘ )  -  ( S i - X ( t y p i c a l ) )
T h e  c r y s t a l  i o n i c  r a d i i  u s e d  a r e  t h o s e  f o r  S i +  a n d  X  s i n c e  t h e  b r e a k i n g  o f  t h e  
S i - X  b o n d  f o r m a l l y  l e a d s  t o  t h e  f o r m a t i o n  o f  t h e s e  m o i e t i e s .  A  c r y s t a l  i o n i c  r a d i u s  i s  a  
t y p i c a l  v a l u e  b a s e d  o n  t h e  a n a l y s i s  o f  l a r g e  n u m b e r s  o f  c r y s t a l  s t r u c t u r e s  o f  s a l t s  
c o n t a i n i n g  t h a t  i o n .  T h e  s u m  o f  p a i r s  o f  i o n i c  r a d i i  r e p r e s e n t  t h e  d i s t a n c e  b e t w e e n  i o n s  
i f  p a c k e d  t o g e t h e r  i n  a n  i o n i c  c r y s t a l  l a t t i c e .  T h e  d e f i n i t i o n  o f  0%  e x t e n s i o n  i s  o f  a  
c o v a l e n t  b o n d  w h o s e  l e n g t h  i s  s t a n d a r d  f o r  i t s  t y p e .  100 %  e x t e n s i o n  i s  t h e  m i n i m u m  
d i s t a n c e  a t  w h i c h  b o n d i n g  b e t w e e n  S i  a n d  X  i s  e s s e n t i a l l y  p u r e l y  i o n i c ,  i . e .  h a s  
n e g l i g i b l e  c o v a l e n t  c o m p o n e n t .  P e r c e n t a g e  S i - X  b o n d  e x t e n s i o n  v a l u e s  i n  e x c e s s  o f  
1 0 0  r e p r e s e n t  w e a k e r  e l e c t r o s t a t i c  i n t e r a c t i o n s  b e t w e e n  t h e  i o n s .  T h u s ,  o n  t h i s  s c a l e ,  
t h e r e  i s  n o  u p p e r  l i m i t  t o  t h e  d i s t a n c e  o f  t h e  c h e m i c a l  i n t e r a c t i o n  b e t w e e n  t h e  i o n s .  O n  
t h i s  b a s i s ,  a  v a l u e  o f  p e r c e n t a g e  S i - X  e x t e n s i o n  c a n  b e  c a l c u l a t e d  f o r  e a c h  o f  t h e  
c o m p l e x  (2.25a-d) a n d  (2.29a-d) ( T a b l e  2 . 1 0 ) .  T h e  p e r c e n t a g e  S i - X  e x t e n s i o n  c a n  b e  
p l o t t e d  a g a i n s t  t h e  S i - O  b o n d  l e n g t h  ( F i g u r e  2 . 2 9 ) .  T h e  p l o t  c o m p r i s e s  a  p a r a b o l i c  
c u r v e ,  w h i c h  i n  t e r m s  o f  t h e  m o d e l l e d  s u b s t i t u t i o n ,  s h o w s  t h a t  t h e  s t r o n g e r  t h e  
' n u c l e o p h i l e ' - s i l i c o n  i n t e r a c t i o n ,  t h e  m o r e  ‘ e x t e n d e d ’  t h e  S i - X  b o n d  b e c o m e s .  T h e  
l e n g t h  o f  t h e  S i - O  b o n d  i n  a  s t r u c t u r e  m o d e l l i n g  c o m p l e t e  s u b s t i t u t i o n  m a y  b e  
e x t r a p o l a t e d  f r o m  t h e  g r a p h  a s  a b o u t  1 . 7 Â .
T h e  X c - S i - C  g i v e s  i n f o r m a t i o n  a b o u t  h o w  t r i g o n a l  b i p y r a m i d a l  t h e  g e o m e t r y  a t  
s i l i c o n  i s .  W e  s h a l l  u s e  a  t e r m  percentage trigonal-bipyramidal (%TBP) t o  d e f i n e  
t h i s .
[^c-Si-c(ot)served) - Ec.si.c(tetrahedral)]
%  T B P  =  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  X 1 0 0
[Ic-Si-c(TBP) - Zc-Si-c(tGh'ahedral)]
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I c - S i - C ( T B P )  i s  3 6 0 . 0 °  w h i l e  I c - S i - c ( t e t r a h e d r a l )  i s  3 2 8 . 4 ° .  T h e r e f o r e  0%  T B P  
r e p r e s e n t s  a  f u l l y  t e t r a c o o r d i n a t e  s i l i c o n  c e n t r e  a n d  1 0 0 %  T B P  i s  c o m p l e t e l y  t r i g o n a l  
b i p y r a m i d a l  s i l i c o n  c e n t r e .  T h e  r e s u l t s  o f  t h e  a b o v e  c a l c u l a t i o n  t o r  e a c h  c o m p l e x  o t  
t y p e  (2.25a-d) a n d  (2.29a-d) a r e  s h o w n  i n  T a b l e  2 . 1 1  a n d  F i g u r e  2 . 3 0 .
Figure 2.29
The effect of nucleophilic attack on the Si-leaving group 
bond modelled by complexes (2.25a-d) and (2.29a-d).
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Si-0 bond length (/Â)
Figure 2.30
The effect of different degrees of Si-nucleophile 
interaction on the geometry of the silicon centre modelled 
by complexes (2.25a-d) and(2.29a-d).
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9 5 -
C o m p l e x e s :
( 2 . 2 5 a - d )
( 2 . 2 9 a - d )8 0  -  o>
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S i - 0  b o n d  l e n g t h  ( / A )
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T h e  t r a n s i t i o n  f r o m  t e t r a h e d r a l ,  t h r o u g h  f u l l y  t r i g o n a l  b i p y r a m i d a l  a n d  b a c k  
t o w a r d s  t e t r a h e d r a l  g e o m e t r y  w i t h  d e c r e a s i n g  S i - 0  b o n d  l e n g t h  i s  s e e n .  A  f u l l y  t r i g o n a l  
b i p y r a m i d a l  c o m p l e x  i s  f o r m e d  w h e n  t h e  S i - 0  b o n d  i s  a p p r o x i m a t e l y  1 . 9 0 Â  l o n g .
C o m p l e x e s  (2.25a-d) m a y  a l s o  b e  r e l a t e d  t o  t h e  c r y s t a l  s t r u c t u r e s  o f  
p e n t a c o o r d i n a t e d  c h l o r o s i l y l  a m i d e s  (1.43) a n d  (1.44) m e a s u r e d  b y  P e s t u n o v i c h  et 
T h e  e q u a t i o n  b e l o w  c a n  b e  u s e d  t o  c o n v e r t  v a l u e s  o f  ‘ p e r c e n t a g e  S i - X  e x t e n s i o n ’  o f  
n o n - c h l o r i d e  d e r i v a t i v e s  i n t o  e q u i v a l e n t  S i - C l  b o n d  l e n g t h s ,  i e :
E i q u i v a l e n t  S i - C l  _  
b o n d  l e n g t h
A(C-B)
100
+ B
A  =  P e r c e n t a g e  S i - X  e x t e n s i o n
o b s e r v e d  f o r  n o n  c h l o r i d e  c o m p l e x  
B  =  L e n g t h  o f  a  t y p i c a l  S i - C l  b o n d  ( 2 . 0 3 Â )  
C  =  S u m  o f  t h e  c r y s t a l  i o n i c  r a d i i  f o r  S i ^ C L  
(2.46À)
T h e  r e s u l t s  o f  t h e  c a l c u l a t i o n s  a r e  p r e s e n t e d  i n  T a b l e  2 . 1 2  a n d  i n c l u d e d  i n  
F i g u r e  2 . 3 1 ;  a  p l o t  o f  t h e  r e l a t i o n s h i p  b e t w e e n  S i - C l  b o n d  l e n g t h  a n d  S i - O  b o n d  l e n g t h  
f o r  t h e  a m i d e  c o m p l e x e s .
Table 2.12
(2.25a) (2.26b) (2.25c) (2.25d)
S i - X  m e a s u r e d 1.68 2.32 2.65 2.76
%  S i - X  e x t e n s i o n 2 9 6 7 1 0 9 1 2 6
F q u v ’  S i - C l  l e n g t h 2.15 2.32 2.50 2.57
Figure 2.31
Comparison of Si-O and equivalent Si-Cl bond lengths of complexes 
(2.25a-d) with those of amide structures of Pestunovich et al.
2.65
2 . 6 0 -
2 . 5 5 -
2 . 5 0 -
2 . 4 5  -
2 . 4 0  -
o  2 . 3 5  -
O  2 . 3 0 -  
w  2 . 2 5 -
2 . 2 0 -
F r o m  r e f  5 7  
(2.25a-d )
T---------1------1------- 1------- 1------- 1------- r
1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.50
S i - O  b o n d  l e n g t h  ( / A )
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O n l y  t h e  ‘ t l u o r i d e ’  c o m p l e x ,  (2.25a), d e v i a t e s  s i g n i f i c a n t l y  f r o m  t h e  c u r v e .  F o r  
t h e  S i - O  b o n d  l e n g t h  m e a s u r e d ,  t h e  c a l c u l a t e d  e q u i v a l e n t  S i - C l  e x t e n s i o n  i s  a b o u t  1Â  
l e s s  t h a n  e x p e c t e d .  T h i s  i s  b e c a u s e  t h e  a c t u a l  S i - F  b o n d  i n  (2.25a) d o e s  n o t  s t r e t c h  s o  
r e a d i l y  u n d e r  t h e  i n f l u e n c e  o f  t h e  o x y g e n  ‘ n u c l e o p h i l e ’  a t  s i l i c o n  a s  d o  t h e  o t h e r  S i - X  
b o n d s .  T h i s  i s  r e l a t e d  t o  t h e  s t r o n g  p r r - d T T  b a c k  b o n d i n g  t h a t  o c c u r s  b e t w e e n  f l u o r i n e  
a n d  s i l i c o n  t h a t  s t r e n g t h e n s  a n d  r e d u c e s  t h e  elasticity  o f  t h e  S i - F  b o n d .
2.9: A com parison of solid state and solution structures
S o l i d  s t a t e  N M R  s p e c t r o s c o p y  p r o v i d e s  a  l i n k  b e t w e e n  t h e  s t r u c t u r e  o f  a  
c o m p l e x  i n  t h e  s o l i d  s t a t e  a n d  i t s  s t r u c t u r e  i n  s o l u t i o n  a n d  a l l o w s  u s  t o  d e t e r m i n e  
w h e t h e r  t h e  s t r u c t u r e  o f  a  m o l e c u l e  i n  s o l u t i o n  i s  c o m p a r a b l e  w i t h  i t s  s o l i d  s t a t e  
s t r u c t u r e .  W e  h a v e  o b t a i n e d  a  s i n g l e  i s o t r o p i c  s o l i d - s t a t e  ^ ^ S i  m e a s u r e m e n t  f o r  
c o m p l e x  (2.25b) a t  r o o m  t e m p e r a t u r e .  T h e  s o l i d  s t a t e  c h e m i c a l  s h i f t  i s  Ô  - 3 9 . 6  
c o m p a r e d  t o  Ô  - 3 8 . 4  i n  s o l u t i o n .  T h i s  s h o w s  t h a t ,  w i t h i n  e x p e r i m e n t a l  e r r o r ,  t h e  
s t r u c t u r e  o f  t h e  c o m p l e x  i n  t h e  s o l i d  s t a t e  a n d  i n  s o l u t i o n  h a s  t h e  s a m e  d e g r e e  o f  
p e n t a c o o r d i n a t i o n .  W e  c a n n o t  c o n c l u d e  t h a t  t h e  o t h e r  c o m p l e x e s  b e h a v e  s i m i l a r l y ,  b u t  
t h i s  r e s u l t  s u g g e s t s  t h a t  t h e y  s h o u l d .  A  p l o t  o f  t h e  p e r c e n t a g e  S i - O  b o n d  f o r m a t i o n ,  a s  
c a l c u l a t e d  b y  s o l u t i o n  m e a s u r e m e n t s ,  a g a i n s t  t h e  S i - n u c l e o p h i l e  b o n d  l e n g t h  f r o m  t h e  
s o l i d  s t a t e  c r y s t a l  s t r u c t u r e ,  s h o w s  t h a t  t h e  s o l i d  s t a t e  a n d  s o l u t i o n  s t r u c t u r e s  v a r y  i n  a  
s i m i l a r  f a s h i o n .  ( F i g u r e  2 . 3 2 ) .
Figure 2.32
Comparison between solid state and solution 
descriptions of complexes (2.25a-d)
l ( ) ( U
" A
■B 9 0 -
a
ow 8 0 -
d
1 7 0 -
a 6 0 -
V,
5 0  -
6 4 0 -
3 0 -
. ^ . 2 5 d  )
^ 2 . 2 5 c  )
(2.25b )
(2.25a) ♦
1 . 7 0  1 . 7 5  1 . 8 0  1 . 8 5  1 . 9 0  1 . 9 5  2 . 0 0  2 . 0 5  2 . 1 0
N u c l e o p h i l e - S i  b o n d  l e n g t h  ( / Â )  ( s o l i d  s t a t e )
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B y  e x t r a p o l a t i o n ,  t h e  S i - 0  b o n d  l e n g t h  r e p r e s e n t i n g  c o m p l e t e  s u b s t i t u t i o n  i s  
a b o u t  1 . 7 Â .  T h i s  i s  t h e  s a m e  v a l u e  a s  e x t r a p o l a t e d  f r o m  F i g u r e  2 . 2 9 .  S i n c e  i t  i s  n e i t h e r  
p r a c t i c a l l y  c o n v e n i e n t  t o  p e r f o r m  N M R  e x p e r i m e n t s  a t  l O O K  o r  o b t a i n  a  s a t i s f a c t o r y  
s i n g l e  c r y s t a l  X - r a y  s t r u c t u r e  a t  r o o m  t e m p e r a t u r e ,  w e  c a n n o t  m e a s u r e  t h e  c r y s t a l  
s t r u c t u r e s  a n d  r e c o r d  N M R  s p e c t r a  a t  t h e  s a m e  t e m p e r a t u r e .
2.10: An insight into the hydrolysis of chlorosilanes
D u r i n g  t h e  p r e p a r a t i o n  o f  s i n g l e  c r y s t a l s  o f  (2.25b) a n o t h e r  m a t e r i a l ,  (2.30), w a s  
f o u n d  t o  c o - c r y s t a l l i s e  w h e n  a n  a c e t o n i t r i l e  s o l u t i o n  w a s  a l l o w e d  t o  e v a p o r a t e  s l o w l y  i n  
a i r  f o r  3  d a y s .  T h e  O R T E P  d i a g r a m  o f  t h e  n e w  c o m p o u n d  i s  p r e s e n t e d  i n  F i g u r e  2 . 3 3 .  
Figure 2.33
C4
C4A
C2
C6(
C8A
C7
CIOC8
(2.30)
02
SiO, =  1 . 9 6 Â  
S i 0 2 =  1 . 9 1 Â  
N-Cg-Si =  1 0 6 . 6 °  
O,-Si-On =  1 7 4 . 6 °
0 ,-Si-Cn= 86.6°9 - ------
02-Si-C9= 88. 
E c ' s i - c  =  3 5 9 . 9 - CL
0 3
I n i t i a l  i n s p e c t i o n  r e v e a l s  t h a t  t h e r e  i s  c h l o r i n e  i n  t h e  c r y s t a l ,  b u t  n o t  b o n d e d  
d i r e c t l y  t o  t h e  s i l i c o n .  T h e  c l o s e s t  c o n t a c t  b e t w e e n  s i l i c o n  a n d  c h l o r i n e  a t o m s  i s  4 . 3 9 Â .  
B y  c o m p a r i s o n ,  a  t y p i c a l  S i - C l  b o n d  d i s t a n c e  i s  2 . 0 3 Â  a n d  t h e  s u m  o f  t h e  v a n  d e r  
W a a l s  r a d i i  f o r  S i  a n d  C l  i s  3 . 8 5 Â .  I n  t h e  p l a c e  o f  t h e  s i l i c o n  c h l o r i n e  b o n d  i s  a n  S i - O  
b o n d  o f  l e n g t h  1 . 9 1 À  ( S i - O ] ) .  A  f u r t h e r  o x y g e n  a t o m  (O3) i s  a l s o  p r e s e n t  i n  t h e  
s t r u c t u r e .  T h e  c l o s e s t  s i l i c o n  a t o m  f r o m  O3 i s  3 . 9 7 Â  a w a y  w h i l e  a  t y p i c a l  S i - O  d i s t a n c e  
i s  1 . 5 0 Â  a n d  t h e  s u m  o f  t h e  v a n  d e r  W a a l s  r a d i i  f o r  S i  a n d  O  i s  3 . 6 2 Â .  I n  o r d e r  t h a t  t h e
- 7 3 -
s t r u c t u r e  i s  e l e c t r i c a l l y  n e u t r a l  t h e r e  m u s t  b e  f o u r  h y d r o g e n  a t o m s  a s s o c i a t e d  w i t h  O 2 
a n d  O 3 .  T h i s  p r e s e n t s  t w o  p o s s i b i l i t i e s :
(2.30a)
(2.30b)
O 2 i s  p a r t  o f  a  w a t e r  m o l e c u l e  b o n d e d  t o  t h e  s i l i c o n  
( s o m e t i m e s  d e s c r i b e d  a s  a  protonated silanof)  a n d  O 3 i s  
p a r t  o f  a  f u r t h e r  w a t e r  m o l e c u l e .
O 2 i s  a  s i l a n o l  o x y g e n  b o n d e d  t o  t h e  s i l i c o n  v i a  a  s o m e ­
w h a t  e x t e n d e d  S i -0 2  b o n d  a n d  O 3 i s  a  h y d r o x o n i u m  i o n .
:  . a \  M e
^  M e
(2.30a)
CI.H2O
o  •  . i \ \  M e
(2.30b)
H 3O +  C l
T h e  i n t r a  r e d  s p e c t r u m  o f  (2.30) ( K B r  d i s c )  c o n t a i n s  a n  i n t e n s e ,  b r o a d  b a n d  a t  
3 3 0 7 . 0  c m - l ,  i n d i c a t i n g  c o n s i d e r a b l e  h y d r o g e n  b o n d i n g  i n  t h e  c r y s t a l .  F i g u r e  2 . 3 4  
s h o w s  a n  e x p a n d e d  u n i t  c e l l  v i e w  o f  t h e  s t r u c t u r e  o f  (2.30). T h e  v i e w  d e m o n s t r a t e s  
h o w  p a r t i c u l a r l y  O 2 ,  O 3 a n d  C l  ( h i g h l i g h t e d  i n  r e d  a n d  g r e e n )  r e s i d e  i n  r e l a t i v e  
p r o x i m i t y  t o  e a c h  o t h e r  i n  v e r t i c a l  s h e e t s .
Figure 2.34
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A n a l y s i s  o f  t h e  s e t  o f  c l o s e s t - c o n t a c t  d i s t a n c e s  b e t w e e n  t h e s e  t h r e e  a t o m s  
r e v e a l s  t h a t  m a n y  o f  t h e  d i s t a n c e s  b e t w e e n  t h e m  a r e  o f  a  s u i t a b l e  s i z e  f o r  h y d r o g e n  
b o n d  b r i d g i n g .  T a b l e  2 . 1 3  s u m m a r i s e s  t h e  d i s t a n c e s  o f  s u c h  c o n t a c t s  i n  bold.
Table 2.13
Y - Z Y - Z  c l o s e s t  
c o n t a c t  ( / A )
Y - Z  2 n d  c l o s e s t  
c o n t a c t  ( / A )
Y - Z  3 r d  c l o s e s t  
c o n t a c t  ( / Â )
T y p i c a l  Y - H - Z  
H - b o n d  ( / A )
O2-O3 2.59 4 . 3 5 5 . 6 9 2 . 5 0
CI-O3 3.05 3.06 9 . 9 8 3 . 0 5
C I - O 2 3.02 4 . 4 2 4 . 8 6 3 . 0 5
S i n c e  f o u r  s u i t a b l e  d i s t a n c e s  h a v e  b e e n  f o u n d  a n d  t h e r e  a r e  f o u r  p r o t o n s  w h o s  
p o s i t i o n s  n e e d  a s s i g n i n g ,  t h i s  s u g g e s t s  t h a t  a l l  f o u r  p r o t o n s  a r e  i n v o l v e d  i n  a n  e x t e n s i v e  
n e t w o r k  o f  h y d r o g e n  b o n d i n g .  F i g u r e  2 . 3 5 ,  s h o w s  t h e  s a m e  p r o j e c t i o n  o f  t h e  u n i t  c e l l  
a s  F i g u r e  2 . 3 4  b u t  c o n s i d e r s  o n l y  t h e  a t o m s  S i ,  C l ,  O i  a n d  O 3 .  T h e  p r o p o s e d  h y d r o g e n  
b o n d  b r i d g e s  a r e  r e p r e s e n t e d  b y  s t a n d a r d  b o n d s .  T h e  ‘ b o n d ’  a n g l e s  r a n g e  f r o m  9 1 . 7 °  t o  
1 5 9 . 5 °  ( b o t h  O 3 - C I - O 2 )  a n d  a r e  s u i t a b l y  l a r g e  t o  s u p p o r t  h y d r o g e n  b r i d g i n g .
Figure 2.35
yttt
I f  w e  c o n s i d e r  t h e  s t r u c t u r e  a s  b e i n g  s i m i l a r  t o  (2.30b) t h e n  t h e  c o m p o u n d  c a n  
b e  t r e a t e d  a s  t h o u g h  i t  w e r e  a n o t h e r  m e m b e r  o f  t h e  s e r i e s  (2.25a-d), w i t h  t h e  ‘ l e a v i n g  
g r o u p ’  X  b e i n g  a n  O H .  I f  t h i s  w e r e  t h e  c a s e ,  t h e n ,  s i n c e  O H  i s  a  f a r  p o o r e r  ‘ l e a v i n g  
g r o u p ’  t h a n  C l ,  i t  i s  d i f f i c u l t  t o  e x p l a i n  w h y  a n  O i - S i  i n t e r a c t i o n  o f  a l m o s t  t h e  s a m e  
m a g n i t u d e  ( 1 . 9 6 Â )  a s  t h a t  f o r  t h e  c h l o r i d e  c o m p l e x  (2.25b) ( 1 . 9 4 À )  i s  o b s e r v e d .  T h i s  
a p p a r e n t  d i s c r e p a n c y  i s ,  h o w e v e r ,  e x p l a i n e d  i f  t h e  c o m p o u n d  r e s e m b l e s  (2.30a) w h i c h
- 7 5 -
h a s  t h e  ‘ l e a v i n g  g r o u p ’  + O H 2 a t  s i l i c o n .  + O H 2 i s  a  c o n s i d e r a b l y  b e t t e r  ‘ l e a v i n g  g r o u p ’  
t h a n  O H  a n d  e x p l a i n s  t h e  s t r o n g  S i - O i  b o n d  a n d  e x t e n d e d  S i - 0 2  b o n d .  T h i s  
c o m b i n a t i o n  o f  e v i d e n c e  s t r o n g l y  s u g g e s t s  t h a t  (2.30a) i s  t h e  o b s e r v e d  s t r u c t u r e .
A i d e d  b y  t h i s  i n f o r m a t i o n  w e  w e r e  a b l e  t o  l o c a t e  t h e  r e m a i n i n g  h y d r o g e n  a t o m s  
a n d  c o n f i r m  t h e  s t r u c t u r e  t o  b e  t h a t  o f  (2.30a). F i g u r e  2 . 3 6  s h o w s  t h e  s t r u c t u r e  o f  t h e  
h y d r o g e n  b o n d e d  c h a i n s .  F i g u r e  2 . 3 7  s h o w s  h o w  t h e  q u i n o l i n e  r i n g s  i n t e r l o c k  w i t h  
e a c h  o t h e r  b e t w e e n  t h e  h y d r o g e n  b o n d  c h a i n s .
Figure 2.36
Figure 2.37
- n '
T h e  c h a i n s  a r e  p u c k e r e d  a n d  m a d e  u p  o f  f u s e d ,  1 0 - m e m b e r e d  r i n g s  w i t h  
h y d r o g e n  a t o m s  i n  a l t e r n a t e  p o s i t i o n s .  A l l  t h e  h y d r o g e n  a t o m s  a s s o c i a t e d  w i t h  t h e  t w o  
w a t e r  m o l e c u l e s  a r e  i n v o l v e d  i n  h y d r o g e n  b o n d i n g .  T h e  w a y  t h e  c h a i n s  p a c k  i s  s h o w n  
i n  F i g u r e  2 . 3 8 .  T h e  c h a i n s  e x t e n d  i n d e f i n i t e l y  i n  p a r a l l e l  a l o n g  t h e  y - a x i s  r e p e a t i n g  
e v e r y  1 2 2 k .  A l o n g  t h e  z  a x i s  t h e  c h a i n s  s t a c k  o n e  a b o v e  t h e  o t h e r  i n  a n  ‘ A B ’  f a s h i o n ,  
r e p e a t i n g  e v e r y  2 1 . 4 5 Â .  I n  t h e  x  d i r e c t i o n  t h e  c h a i n s  s t a c k  s i d e  b y  s i d e  i n  a  r e p e a t i n g  
‘ A A ’  m a n n e r  e v e r y  9 . 1 3 À .  H y d r o g e n  b o n d i n g  i s  l i m i t e d  t o  w i t h i n  e a c h  c h a i n .
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Figure 2.38
&
O n l y  o n e  o t h e r  e x a m p l e  o f  a  p r o t o n a t e d  s i l a n o l  c o m p l e x  h a s  b e e n  r e p o r t e d  i n  
t h e  l i t e r a t u r e  b y  R e e d  o f  [ t B u 3 S i ( O H 2 ) ] ' ' ‘  [ B r ^ C B u H ^ j "  (2.31) ( F i g u r e  2 . 3 9 ) .
Figure 2.39
3r(11)
C(6)
H(28)
C(10)
H(29)
C(2)
r
Brt9)
A perspect ive  v iew of  I^Bu^SifOH])] Br ^C B, t . B o n d  
angles (°); C ( 2 ) —Si—C( 6)  116 .0(6) ,  C(2) —Si—C( 10) 11 0 . 1(6). C ( 6 ) —S i -  
Cl 10) 11'^ .0(7) .  0 - S i - C ( 2 )  100.7(5) .  B on d  distances (A); S i - O  
1.779(0) .  S i - C ( 2 )  1 .897(17) .  S i - C ( 6 )  1 .897(15) ,  S i - C ( l O )  1 .884(12) .  
H(28)  was found,  H (29)  is ca lculated.
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T h e  S i - 0 2  d i s t a n c e  w e  o b s e r v e  ( 1 . 9 1 Â )  i s  s o m e w h a t  l o n g e r  t h a n  R e e d s  
e q u i v a l e n t  d i s t a n c e  ( 1 . 7 8 Â ) .  T h i s  i s  p r e s u m a b l y  b e c a u s e  ( 2 . 3 1 )  i s  f o u r  c o o r d i n a t e  
w h e r e a s  ( 2 . 3 0 a )  i s  f i v e  c o o r d i n a t e ;  t h e  a x i a l  b o n d  l e n g t h  d i s t o r t i o n  t h a t  c o m m o n l y  
o c c u r s  i n  f i v e - c o o r d i n a t e  s i l i c o n  c o m p l e x e s  b e i n g  w e l l  d o c u m e n t e d .  T h e  s o l e  r e p o r t e d  
e x a m p l e  o f  a  p e n t a c o o r d i n a t e d  s i l a n o l  i s  t h a t  o f  ( 2 . 3 2 )  b y  K a r s c h  et al  ( F i g u r e  2 . 4 0 ) .  
H e r e  t h e  s i l i c o n  f o r m s  p a r t  o f  a  f o u r - m e m b e r e d  r i n g  
F i g u r e  2 . 4 0
A l t h o u g h  t h e  O H  g r o u p  i s  a x i a l  t o  
a  s t r o n g  S i - N  b o n d ,  t h e  S i - O  
d i s t a n c e  ( 1 . 6 0 Â )  i s  t y p i c a l  f o r  t h a t  
o f  a  c o n v e n t i o n a l  t e t r a c o o r d i n a t e  
s i l a n o l  S i - O  b o n d .
I n t e r m o l e c u l a r  h y d r o g e n  b o n d i n g  
i n  s o l i d  s t a t e  s i l a n o l  s t r u c t u r e s  h a s  
b e e n  e x t e n s i v e l y  s t u d i e d .  I n  f a c t ,  
s o l i d  s t a t e  s i l a n o l  s t r u c t u r e s  n o t  
e x h i b i t i n g  h y d r o g e n  b o n d i n g  a r e
Molecular structure. Selected distances (Âj and angles
(deg) are as to iiows; s i ~ c i ( i ) ,  2.032(2);  S i —c i ( 2 ) ,  2 .006 (2 );  S i —o .  c o m p a r a t i v e l v  r a r e  ( 2  3 3 )  l i k e
1.601(3);  S i - N ( l ) ,  1.969(3);  S i - N ( 2 ) ,  1.782(3);  Cl( 1 ) - S i - C l ( 2 ) ,  ^  ^
1 17.3(1); C l ( l ) - S i - 0 ,  95.0(2); C I ( 2 ) - S i - 0 .  93.9(2); N ( 2 ) - S i - 0 .  . . . .  . ,  . . „
96.0(2); N ( i ) - S i - o ,  164.5 (2 ); N( 1 ) - s i ~ N ( 2 ), 6 8 .5 ( 1). ( 2 . 3 2 )  I S  a  f u r t h e r  e x a m p l e .  H e r e
t h e  S i - O  d i s t a n c e  i s  1 . 5 9 Â .  
p j Q  H y d r o g e n  b o n d i n g  m a y  t a k e  m a n y  f o r m s .  F o r
e x a m p l e ,  t e t r a m e r i c  m o l e c u l a r  c l u s t e r s  f o r m  f o r  
b i s ( p e n t a m e t h y l c y c l o p e n t a d i e n y l ) s i l a n e d i o l  ( 2 . 3 4 ) ^ 2 9  
( F i g u r e  2 . 4 1 )  b e t w e e n  w h i c h  t h e r e  i s  n o  h y d r o g e n  b o n d i n g .  
O t h e r  c o n t r a s t i n g  e x a m p l e s  i n c l u d e  d i - i s o - p r o p y l s i l a n e d i o l
l i n k e d  t o g e t h e r  i n  l a d d e r  c h a i n s  b y  f u r t h e r  h y d r o g e n s ,  a n d  
t r i s ( t r i m e t h y l s i l y l ) s i l y l - s i l a n e t r i o l  ( 2 . 3 6 )  ( F i g u r e  2 . 4 3 ) 1 3 1  
w h i c h  f o r m s  h e x a m e r i c  c a g e s  o f  h y d r o g e n  b o n d s .
cn
F33
F4 3
F 3 2
F 4 2
P h
P h "
\
S i — M e  
R u -
C l
- C l
P r ' M e
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Figure 2.41
C I 3 S I
tiqjf
CItM
Clül
[(131
cm  31t(’6l
C I I I O I I
c im i
C I 6 1 I
Clb«l
(2.34)
An ( )K I 1 1’ tlinwin^  ni llic imilci iil:n sdm liiif nf .nul liV(lini.’i n l'niulmi,', ni llu- nn>\ innu li ii.il 
loliiiinc-i nf (( .;McJ,Si(()ll),. liigcthcr wiili llic iitnin numbering se berne.
Figure 2.42
Figure 2.43
l,)el.iil ni the Itseitngen hntnieil li.intewnik ni ervsi.illnie i-l’i ,Si(()H)
(2.35)
1.(1/
(2.36)
üeliiil nf the bvdrngen hntuleti cnge fornicil b\ ( Mc,Si) ,SiSi(()H),
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I n  t e r m s  o f  t h e  h y d r o l y s i s  o f  c h l o r o s i l a n e s ,  (2.30a) i s  a  m o d e l  o f  t h e  stage 
w h e r e  a  c h l o r i d e  i o n  h a s  b e e n  d i s p l a c e d  b y  a  w a t e r  m o l e c u l e  a n d  t h e  r e s u l t i n g  
t e t r a c o o r d i n a t e  c a t i o n  i s  t h e  s u b j e c t  o f  s u b s t i t u t i o n  o f  i t s  t h e  b o u n d  w a t e r  m o l e c u l e  b y  
a n o t h e r  n u c l e o p h i l e  ( e . g .  a n o t h e r  w a t e r  m o l e c u l e ) .
2.11: Related ‘pyridone’ complexes
(2.37) I
N ^ O
I
H
(2.38)
T w o  f u r t h e r  l i g a n d s ,  2 - ( l H ) - q u i n o x a l i n o n e  (2.37) a n d  4 - ( 3 H ) - p y r i m i d o n e  
(2.38), h a v e  b e e n  e x a m i n e d  a n d  t h e i r  ‘ n u c l e o p h i l i c ’  p r o p e r t i e s  c o m p a r e d  w i t h  t h o s e  o f  
t h e  q u i n o l i n e  a n d  p y r i d o n e  l i g a n d s .  (2.37) a n d  (2.38) w e r e  s i l y l a t e d  t o  g i v e  (2.39) a n d
(2.40) r e s p e c t i v e l y  ( F i g u r e  2 . 4 4 )
Figure 2.44
(2.37)
(2.38)
Et2NSiMc3
T o l u e n e ,  A  
5  h o u r s .
Et2NSiMc3
T o l u e n e ,  A  
5  h o u r s .
(2.39)
I
N  O S i M c 3 
(2.40)
T h e  2 - q u i n o x a l i n o n e  (2.41b) a n d  4 - p y r i m i d o n e  (2.42b) d e r i v e d  s i l y l - c h l o r i d e  
c o m p l e x e s  w e r e  p r e p a r e d  b y  r e a c t i o n  o f  (2.39) a n d  (2.40) p r e c u r s o r s  w i t h  
c h l o r o ( c h l o r o m e t h y l ) d i m e t h y l s i l a n e  ( F i g u r e  2 . 4 5 ) .
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Figure 2.45
cr S i M e o C l
(2.39)
(2.41b)
B e n z e n e  
3 0  m i n s .
T...,\W\Me
cr
(2.40)
SiMezCl 
 ►
N
B e n z e n e  
3 0  m i n s .
I
(2.42b)
S i
Me 
M e  
C l
F l u o r i d e  d e r i v a t i v e s  (2.41a) a n d  (2.42a) w e r e  i s o l a t e d  f r o m  t h e  r e a c t i o n s  o f  
(2.41b) a n d  (2.42b) w i t h  a n t i m o n y  t r i f l u o r i d e  ( F i g u r e  2 . 4 6 ) .
Figure 2.46
SbFc (2.41a)
(2.41b)
B e n z e n e ,  1  h o u r
I. ..n\W Me
S b F :
(2.42b)
B e n z e n e ,  1  h o u r I (2.42a)
S i
F
:..,u\\Me
^  M e
N
N
(2.43)
A l t h o u g h  t h e  l o c a l  e n v i r o n m e n t  o f  t h e  s i l i c o n  i s  t h e  s a m e  i n
e a c h  c o m p l e x ,  t h e  s t r u c t u r e s  v a r y  b e c a u s e  o f  t h e  d i f f e r i n g
_  e l e c t r o n i c  p r o p e r t i e s  o f  t h e  l i g a n d s  a n d  t h e  u s e  o f  t w o
T..nW\Me
d i f f e r e n t  ‘ l e a v i n g  g r o u p s ’ .  T a b l e  2 . 1 4  s u m m a r i s e s  t h e  ^ ^ S i
O
S i
I
Cl N M R  c h e m i c a l  s h i f t  d a t a  f o r  c o m p l e x e s  (2.41a/b), (2.42a/b), 
(2.25a/b) a n d  p y r i d o n e s  (2.9). A  2 - p y r i m i d o n e  a n a l o g u e  o f  (2.42b), (2.43), h a s  a l s o  
b e e n  p r e p a r e d  a n d  i s  a l s o  i n c l u d e d  i n  t h e  t a b l e .
- 8 1 -
Table 2.14
L e a v i n g  g r o u p  X  — >
2 ^ S i  N M R  c h e m i c a l  s h i f t  ( / p p m )
F (a) C l  (b)
2 - P y r i d o n e  (2.9) -22.3 - 4 1 . 1
2 - Q u i n o l i n o n e  (2.25) -25.4 -38.3
2 - Q u i n o x a l i n o n e  (2.41) - 6.1 - 2 7 . 1
4 - P y r i m i d o n e  (2.42) 8.8 - 1 6 . 7
2 - P y r i m i d o n e  (2.43) - -33.7
W i t h i n  e a c h  r i n g  s y s t e m  t h e  c h l o r i d e  c o m p l e x e s  a r e  m o r e  p e n t a c o o r d i n a t e d  t h a n  
t h e  f l u o r i d e  c o m p l e x e s .  T h i s  i m p l i e s  t h a t  a l l  s t r u c t u r e s  l i e  c l o s e  t o ,  o r  t o  t h e  l e f t  o f ,  a  
f u l l y  p e n t a c o o r d i n a t e  s t r u c t u r e .  T h e  s e c o n d  n i t r o g e n  i n  t h e  a r o m a t i c  r i n g  a c t s  a s  a  
s t r o n g  e l e c t r o n  w i t h d r a w i n g  g r o u p ,  r e d u c i n g  t h e  n u c l e o p h i l i c i t y  o f  t h e  oxygen l o n e  
p a i r s  a n d  t h u s  l o w e r i n g  t h e  e x t e n t  o f  h y p e r c o o r d i n a t i o n  i n  c o m p l e x e s  (2.41a/b) a n d  
(2.42a/b). I n  p a r t i c u l a r ,  a  p y r i m i d o n e  n i t r o g e n  i n  t h e  4 - p o s i t i o n  a c t s  a s  a  s t r o n g e r  
e l e c t r o n  w i t h d r a w i n g  g r o u p  t h a n  w h e n  i n  t h e  2 - p o s i t i o n .
M a p p i n g  o f  t h e  s u b s t i t u t i o n  w a s  n o t  p o s s i b l e  f o r  c o m p l e x e s  (2.41a/b) o r  
(2.42a/b) b e c a u s e  o f  t h e  i n t e r a c t i o n  o f  t h e  s e c o n d  r i n g  n i t r o g e n  w i t h  T M S - O T f  d u r i n g  
t i t r a t i o n  e x p e r i m e n t s .  T i t r a t i o n  o f  t h e  a p p r o p r i a t e  d i s i l o x a n e ,  (2.44) o r  (2.45), g a v e  
N M R  s p e c t r a  c o n s i s t i n g  o f  a n  u n r e s o l v a b l e  m u l t i t u d e  o f  r e s o n a n c e s .
N .
S Me O
N
(2.44)
S i M e o  — O  
2
(2.45)
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2.12: Desilylation reactions
T h e  i s o l a t i o n  a n d  c h a r a c t e r i s a t i o n  o f  (2.42a) w a s  c o m p l i c a t e d  b y  a  d e s i l y l a t i o n  
r e a c t i o n  w h i c h  c a u s e d  t h e  c o m p l e t e  d e g r a d a t i o n  o f  a  s a m p l e  a l l o w e d  t o  s t a n d  u n d e r  a n  
i n e r t  a t m o s p h e r e  f o r  4  w e e k s  a t  r o o m  t e m p e r a t u r e  ( F i g u r e  2 . 4 7 ) .  T h e  f i n a l  p r o d u c t  w a s  
s h o w n  t o  b e  3 - m e t h y l - 4 - p y r i m i d o n e  (2.46). A t t e m p t s  t o  p u r i f y  (2.42a) b y  d i s t i l l a t i o n  
f r o m  t r a c e s  o f  (2.46) o n l y  a c c e l e r a t e d  t h e  f o r m a t i o n  o f  (2.46).
Figure 2.47
I f ,  i n  t h e  s y n t h e s i s  o f  (2.42a) f r o m  (2.42b), 
m o r e  t h a n  o n e  e q u i v a l e n t  o f  f l u o r i d e  i o n  
w a s  u s e d  o r  i f  t h e  r e a c t i o n  w e r e  w o r k e d - u p  
u n d e r  d i l u t e ,  b a s i c  ( N a O H ) ,  a q u e o u s
c o n d i t i o n s ,  t h e  o n l y  p r o d u c t  i s o l a b l e  f r o m  
t h e  r e a c t i o n  w a s  (2.46). T h e  p r o d u c t  i s  l i k e l y  t o  b e  f o r m e d  i s  v i a  n u c l e o p h i l i c  a t t a c k  o f
e i t h e r  h y d r o x i d e  o r  f l u o r i d e  i o n  a t  t h e  s i l i c o n ,  c l e a v i n g  t h e  S i - C H 2 b o n d .  T h e  r e s u l t i n g
a n i o n  i s  t h e n  q u e n c h e d  b y  t r a c e  m o i s t u r e  i n  t h e  r e a c t i o n  p o t  ( F i g u r e  2 . 4 8 ) .  I t  h a s  n o t  
p r o v e d  p o s s i b l e  t o  c h a r a c t e r i s e  t h e  s i l i c o n - c o n t a i n i n g  p r o d u c t  o f  t h i s  r e a c t i o n .
(2.42a)
4  w e e k s
20°C - I
(2.46)
I
M e
Figure 2.48 
1 < ^ ^
I
(2.42a)
(-Mc2SiFX)
S i
't
Me 
^ Me
I
I
CHT .
+ H'
(2.46)
X X  =  F ,  O H
(2.25a) a n d  (2.41a) a r e  s t a b l e  a t  r o o m  t e m p e r a t u r e  b u t  c a n  b e  f o r c e d  t o  u n d e r g o  
d e s i l y l a t i o n  i n  c o n c e n t r a t e d  ( 5 M )  a q u e o u s  s o d i u m  h y d r o x i d e  o v e r  1 8  h o u r s .  T h e s e  
r e a c t i o n s  y i e l d  (2.28a) a n d  (2.47) r e s p e c t i v e l y .
(2.28a) (2.47)
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D e s i l y l a t i o n  r e a c t i o n s ,  p a r t i c u l a r l y  b y  f l u o r i d e  i o n ,  a r e  f r e q u e n t l y  u s e d  
s y n t h e t i c a l l y .  F o r  e x a m p l e ,  t h e  g e n e r a t i o n  o f  o x a z o l i u m  m e t h y l  y l i d e s  (2.48) b y  
c a e s i u m  f l u o r i d e  ( F i g u r e  2 . 4 9 ) .
A l l y l s i l a n e s  r e a c t  w i t h  d i c h l o r o c a r b e n e  t o  f o r m  d i c h l o r o c y c l o p r o p a n e s .  T h e s e ,  
i n  t u r n ,  r i n g  o p e n  t o  f o r m  2 - c h l o r o - 1, 3 - d i e n e s  (2.49) w h e n  t r e a t e d  w i t h  c a e s i u m  
f l u o r i d e  i n  D M F  u n d e r  r e f l u x ( f o r  e x a m p l e  F i g u r e  2 . 5 0 ) .
T e t r a b u t y l a m m o n i u m  f l u o r i d e  ( T B A F )  i s  a n o t h e r  c o m m o n  d e s i l y l a t i n g  r e a g e n t .  
F o r  e x a m p l e  i t  c a n  b e  u s e d  t o  d e s i l y l a t e  2 , 4 , 6 - t r i s ( t r i m e t h y l s i l y l ) - l , 3 , 5 - t r i t h i a n e s  
(2.50) a s  s h o w n  i n  F i g u r e  2 . 5 1 .
Figure 2.49
P h
C s FM e . S i C H o O T f
O
P h
N
C O o M e
P h
(2.48)
Me02CC=CH
Figure 2.50
: C C 1
P h  H
% /
C = C  - - - - - - - - - - - -
/  \
H  C H z S i M e ^
Figure 2.51
C s F  /  D M F
P h
H
CH^
S i M e
S i M e
P h
P h
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H H
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-84-
Chapter 3: Modelling nucleophilic substitution at silicon 
using 2-thiopyridone-based ligands.
3.1: Introduction
I
H
( 3 . 1 )
Figure 3.1
T h e  2 - (  l H ) - t h i o p y r i d o n e  l i g a n d ,  ( 3 . 1 ) ,  h a s  a  r i c h  c o o r d i n a t i o n  c h e m i s t r y .  
W e  w i l l  d e s c r i b e  a  v a r i e t y  o f  c o m p l e x e s  a n d  s t r u c t u r a l  t y p e s  t o  s h o w  t h e  
r a n g e  o f  m o d e s  a n d  g e o m e t r i e s  i n  w h i c h  i t  c o o r d i n a t e s  t o  m e t a l  c e n t r e s .  
N i c k e l  ( I I )  f o r m s  a  p a r t i c u l a r l y  s t a b l e  t r i s ( 2 - t h i o p y r i d o n a t o )  c o m p l e x  ( 3 . 2 )  
w h e n  t e t r a e t h y l a m m o n i u m  t e t r a c h l o r o n i c k e l  ( I I )  i s  r e a c t e d  w i t h  ( 3 . 1 )  a n d  
s o d i u m  m e t h o x i d e  ( F i g u r e  3 . 1 ) . ^ 3 6
N ^ S
I
H
(3.1)
[Et4 N"]2 [NiCy 
 ►
N a O M e
2 -
N / / ,
N i :
N
[ N E t ,
(3.2)
T h e  d i s t o r t e d  o c t a h e d r a l  n i c k e l  i s  i s o l a t e d  a s  i t s  mer  i s o m e r  a n d  c o n t a i n s  t h r e e  f o u r -  
m e m b e r e d  r i n g s .  E a c h  l i g a n d  h a s  a  p a r t i c u l a r l y  s m a l l  N - N i - S  bite a n g l e  o f  a b o u t  6 8 ° .  T h e  
c r y s t a l  s t r u c t u r e  o f  t h e  b i s - c h e l a t e  c o m p l e x  p h e n y l b i s ( 2 - t h i o - p y r i d o n a t o ) a n t i m o n y  ( I I I )  
( 3 . 3 )  h a s  b e e n  r e p o r t e d  ( F i g u r e  3 . 2 ) . ^ 3 7  p e n t a c o o r d i n a t e d  a n t i m o n y  c e n t r e  h a s  a
d i s t o r t e d  t e t r a g o n a l  p y r a m i d a l  g e o m e t r y  w i t h  t h e  p h e n y l  g r o u p  i n  t h e  a x i a l  p o s i t i o n .
Figure 3 . 2
N
E t O H
N a '
P h S b C h
T h e  n o v e l  b i s - p l a t i n u m  c o m p l e x  ( 3 . 4 ) ,  b r i d g e d  b y  f o u r  2 - t h i o p y r i d o n e  l i g a n d s  i s  
c h a r a c t e r i s e d  b y  a n  X - r a y  s t r u c t u r e  b y  O o i  a n d  c o - w o r k e r s .  O x i d a t i o n  o f  P t ^ ^  t o  P t ^ ^ ^  
o c c u r s  i n  c h l o r o f o r m  o v e r  s e v e r a l  h o u r s  a n d  c o m p l e x  ( 3 . 5 )  c a n  b e  i s o l a t e d .
-85-
  „  ....
S"""  I ....( R  =  H ,  M e )
^////;   .....
I
C l
M e  M e
M e  M e
C o m p l e x  (3.6) i s  p r e p a r e d  f r o m  t h e  r e a c t i o n  o f  (3.1) a n d  
t r i m e t h y l a l u m i n i u m d T h e  u n u s u a l  ‘ h e a d - t o - h e a d ’  
c o m p l e x  c o n t a i n s  a n  e i g h t - m e m b e r e d  r i n g  c o n t a i n i n g  t w o  
t e t r a c o o r d i n a t e  a l u m i n i u m s .
Figure 3.3
C(18) 
1 C (15)
C o m p o u n d  (3.7) ( F i g u r e  3 . 3 )  c a n  
b e  o b t a i n e d  f r o m  t h e  p r o d u c t  o f  t h e  
e l e c t r o c h e m i c a l  r e a c t i o n  o f  
6 - ( t - b u t y l d i m e t h y l s i l y l ) - 2 - t h i o p y r i d o n e )  
i n  a c e t o n i t r i l e  w i t h  a  s i l v e r  s a c r i f i c i a l  
a n o d e .  T h e  s t r u c t u r e  i s  c h a r a c t e r i s e d  
b y  t w o  s i x - m e m b e r e d  r i n g s  a l t e r n a t i n g  
b e t w e e n  s i l v e r  a n d  s u l p h u r ,  b r i d g e d  b y  
s i x  t h i o p y r i d o n e  l i g a n d s .  M a s a k i  et
Ag(3a)
Ag(2a)(3)0(2)
0(29)
\ | )  OK r i 'P  It-w the ^irucuirc v«i ) , g( SK ' i ,  ^] I viewed  
parallel U) !he pseudo-thrce-:oid  axis passing through the centroids  ol 
the \ g ,S ,  rings
h a v e  r e p o r t e d  t h e  s y n t h e s i s  o f  (3.8)
( F i g u r e  3 . 4 ) .  T h e  c r y s t a l  s t r u c t u r e  r e v e a l s  a  h i g h l y  d i s t o r t e d  o c t a h e d r a l  t i n  c e n t r e  w i t h  t w o  
trans  N - S n - C l  m o i e t i e s  a n d  a  cis  r e l a t i o n s h i p  b e t w e e n  t h e  c h l o r i n e s .
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Figure 3.4
S n C l C l - S n
P e n t a c o o r d i n a t e d  c o m p l e x e s  (3.9) c o n t a i n i n g  a  s i n g l e  b i d e n t a t e  2 - t h i o p y r i d o n e  
l i g a n d  h a v e  b e e n  r e p o r t e d  r e c e n t l y  b y  C o u c e  et al  ( F i g u r e  3 . 5 ) J ^ ^  F o r m a t i o n  o f  a  f o u r  
m e m b e r e d  r i n g  c o m p l e x  l e a d s  t o  c o n s i d e r a b l e  d i s t o r t i o n  o f  t h e  t r i g o n a l  b i p y r a m i d a l  
g e o m e t r y  o f  t h e  t i n .
Figure 3.5
R2Sn%2
E t O H / E t g N
N ^ '^ S
H
( X  =  C l ,  B r .  R  =  M e ,  F t ,  P h .
R '  =  C 0 2 M e ,  C 0 2 E t ,  C 0 2 ' P r )
N
\
R -^Sn
R
X
(3.9)
T h e  w o r k  i n  t h i s  c h a p t e r  f o c u s e s  o n  t h e  u s e  o f  2 - t h i o p y r i d o n e s  a s  a l t e r n a t i v e  
l i g a n d s  f o r  m o d e l l i n g  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  s i l i c o n  i n  s o l u t i o n  b y  N M R  
s p e c t r o s c o p y .  A  v a r i e t y  o f  s u b s t i t u t e d  t h i o p y r i d o n e  c o m p l e x e s  h a v e  b e e n  s y n t h e s i s e d  i n  
o r d e r  t o  e x p l o r e  t h e  e f f e c t  o f  d i f f e r e n t  s u b s t i t u e n t s  a n d  l e a v i n g  g r o u p s  o n  t h e  s u b s t i t u t i o n  
b e i n g  m o d e l l e d .
3.2: Unsubstituted 2-thiopyridone complexes
3.2.1: Synthesis of complexes
T h e  2 - ( l H ) - t h i o p y r i d o n e  l i g a n d  (3.1) i s  a  c h e a p ,  c o m m e r c i a l l y  a v a i l a b l e  r e a g e n t  
a n d  i s  r e a d i l y  c o n v e r t e d  i n t o  2 - ( t r i m e t h y l s i l y l t h i o ) p y r i d i n e  (3.10), t h e  p r e c u r s o r  f o r  t h e  
s y n t h e s i s  o f  h y p e r v a l e n t  s i l i c o n  c o m p l e x e s  (3.11a-d) ( F i g u r e  3 . 6 ) .
Figure 3.6
H
Et2NSiMe3
T o l u e n e ,  A  
5  h o u r s .
(3.1)
N  S S i M e g
(3.10)
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S i l y l  c h l o r i d e  (3.11b) a n d  s i l y l  b r o m i d e  (3.11c) c o m p l e x e s  ( F i g u r e  3 . 7 )  w e r e  
p r e p a r e d  f r o m  t h e  r e a c t i o n  o f  (3.10) w i t h  t h e  a p p r o p r i a t e  c h l o r o ( h a l o m e t h y l ) d i m e t h y l s i l a n e  
i n  d r y  b e n z e n e .
Figure 3.7
(3.10)
X SiMezCl 
 ►
( X  =  C l ,  B r )  
B e n z e n e ,  3 0  m i n s
(3.11b) X = Cl 
(3.11c) X =  B r
M e / / / „ .
M e ^
S i -
X
T h e  f l u o r i d e  (3.11a) a n d  t r i f l a t e  (3.11d) d e r i v a t i v e s  ( F i g u r e  3 . 8 )  w e r e  o b t a i n e d  b y  
r e a c t i o n  o f  (3.11b) w i t h  a n t i m o n y  t r i f l u o r i d e  a n d  T M S - O T f  r e s p e c t i v e l y .
Figure 3.8
S b F .
(3.11b)
B e n z e n e ,  1  h o u r M e / / / , . .
S i -
(3.11a)
Me^
F
TMS-OTf
(3.11b)
B e n z e n e ,  3 0  m i n s . M e / / , „ .
M e ^
S i -
(3.11d)
O T f
T h e  s t r u c t u r e s  o f  (3.11a-d) w e r e  f o u n d  t o  b e  d i f f e r e n t  f r o m  t h o s e  o f  t h e  p y r i d o n e  
c o m p l e x e s  p r e v i o u s l y  s t u d i e d .  A l l  c o n t a i n  a n  S - C H 2 l i n k a g e  w i t h  t h e  p y r i d i n e  n i t r o g e n  
c o o r d i n a t i n g  t o  t h e  s i l i c o n .  T h e  N M R  d a t a  f o r  l - m e t h y l - 2 - t h i o p y r i d o n e  (3.12) a n d  
2 - ( m e t h y l t h i o ) p y r i d i n e  ( 3 . 1 3 ) ^ ^ ^  e n a b l e  u s  t o  d i f f e r e n t i a t e  b e t w e e n  N - C H 2 a n d  S - C H 2 
b o n d e d  i s o m e r s .  C o m p a r i s o n  w i t h  t h e  o b s e r v e d  d a t a  ( f o r  e x a m p l e  (3.11a)) c o n f i r m s  t h a t  
t h e  s t r u c t u r e  i s  m o r e  l i k e  t h a t  o f  a  thiopyridine  t h a n  a  thiopyridone  ( F i g u r e  3 . 9  a n d  
T a b l e  3 . 1 ) .
Figure 3.9 Table 3.1
4
I
M e
(3.12)
N  S M e  
(3.13)
Complex
l^C chemica shift (/]3pm)
C2 C3 C 4 C 5 C6 CH3
(3.12) 1 8 1 . 1 1 3 4 . 6 1 3 5 . 7 1 1 3 . 3 1 4 2 . 5 4 5 . 7
( 3 . 1 1 a ) 1 5 9 . 2 1 2 1 . 5 1 3 6 . 1 1 1 9 . 3 1 4 7 . 7 1 4 . 0 *
( 3 . 1 3 ) 1 6 0 . 4 121.8 1 3 6 . 5 1 1 9 . 7 1 5 0 . 0 1 2 . 9
(* = CH2)
C o m p l e x e s  (3.11a-d) a r e  s t a b l e  t o  r e - a r r a n g e m e n t  t o  t h e i r  N - C H 2 b o n d e d  i s o m e r s .  
F o r  e x a m p l e ,  a  C D C I 3 s o l u t i o n  o f  (3.11b) r e m a i n e d  u n c h a n g e d  a f t e r  h e a t i n g  a t  5 0 ° C  f o r  
5  d a y s .
3.2.2: Synthesis of model compounds
T o  m a p  t h e  s u b s t i t u t i o n  o f  a  2 - t h i o p y r i d i n e  n i t r o g e n  a t  a  m o n o f u n c t i o n a l i s e d  
t r i a l k y l  s i l a n e  w e  m u s t  a l s o  m o d e l  limiting s p e c i e s  (3.14) a n d  (3.15). H a v i n g  e x t e n s i v e l y  
u s e d  d i s i l o x a n e - b a s e d  m a t e r i a l s  a s  m o d e l  c o m p o u n d s ,  i t  w a s  d e c i d e d  t o  i n v e s t i g a t e  t h e  
s c o p e  o f  o t h e r  t y p e s  o f  c o m p o u n d s  f o r  t h e i r  s u i t a b i l i t y  a s  m o d e l s .  I n  p a r t i c u l a r ,  t h e  a i m  
w a s  t o  s y n t h e s i s e  i s o l a b l e ,  s t a b l e  c o m p o u n d s  t h a t  m o d e l  1 0 0 %  s u b s t i t u t i o n .  S o  f a r ,  s u c h  
c o m p l e x e s  h a v e  b e e n  s p e c i e s  o n l y  o b s e r v a b l e  i n  s o l u t i o n .
Mefc-'Si-
M e / / / „
M e^
N
+
Si-
X
(3.14)
_ S i -  
Me\" j
M e X
(3.15)
X
(3.11a-d)
(3.16) w a s  p r e p a r e d  a s  a n  e x a m p l e  o f  (3.14), m o d e l l i n g  0 %  N - S i  b o n d  f o r m a t i o n  
( F i g u r e  3 . 1 0 ) .  B y  m a k i n g  X  a n  e x c e p t i o n a l l y  p o o r  l e a v i n g  g r o u p  ( i . e .  a  m e t h y l  g r o u p ) ,  i t  i s  
a s s u m e d  t h a t  n o  N - S i  b o n d i n g  o c c u r s .  T h e  ^ ^ S i  N M R  c h e m i c a l  s h i f t  o f  (3.16) i s  Ô  + 1 . 9 ,  
w h i c h  i s  c o n s i s t e n t  f o r  a  t e t r a c o o r d i n a t e  s i l i c o n  i n  a  - C H 2 - S i M c 3 e n v i r o n m e n t .
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Figure 3.10 ICH2 SiMe3
(3.10) A, 3  d a y s .  SiMe^
(3.16)
T i t r a t i o n  o f  (3.16) i n  C D C I 3 s o l u t i o n  w i t h  e q u i v a l e n t s  o f  T M S - O T f  d i d  n o t  p r o d u c e  
a n y  a p p r e c i a b l e  c h a n g e s  i n  e i t h e r  t h e  o r  N M R  s p e c t r a .  T h u s  t h e  a l t e r n a t i v e  m e t h y l  
q u a t e r n i s e d  a n a l o g u e  (3.17) w a s  p r e p a r e d  ( F i g u r e  3 . 1 1 ) .  T h i s  c o m p o u n d  i s  a n  e x a m p l e  o f  
(3.15) a n d  i s  a  m o d e l  f o r  1 0 0 %  N - S i  b o n d  f o r m a t i o n .  I t  i s  a s s u m e d  t h a t  q u a t e r n i s a t i o n  
u s i n g  a  m e t h y l  g r o u p  i s  a  s u i t a b l e  m i m i c  f o r  a  t r i m e t h y l s i l y l  g r o u p  i n  t h e  s a m e  p o s i t i o n .
Figure 3.11 M e O T f  " O T f
(3.16)
B e n z e n e ,  5  m m s .  ^ l ^ " ^ s " ^ S i M e ,
I
M e  (3.17)
B a s e d  o n  p r e v i o u s  e x p e r i e n c e ,  i t  i s  a l s o  a s s u m e d  t h a t  t h e r e  i s  a  l i n e a r  r e l a t i o n s h i p  
b e t w e e n  t h e  p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  a n d  t h e  c h a n g e  i n  t h e  c h e m i c a l  s h i f t s  i n  
N M R  s p e c t r a  d u r i n g  ‘ s u b s t i t u t i o n ’ .
3.2.3: Solution calculations
T h e  2 9 S i  a n d  r e l e v a n t  N M R  c h e m i c a l  s h i f t s  f o r  t h e  m o d e l s  (3.16) a n d  (3.17) 
a n d  c o m p l e x e s  (3.11a-d) a r e  d i s p l a y e d  i n  T a b l e  3 . 2 .  T h e  c h e m i c a l  s h i f t s  o f  C 2 a n d  C g ,  
b e i n g  a d j a c e n t  t o  t h e  n i t r o g e n ,  a r e  t h o s e  m o s t  l i k e l y  t o  b e  a f f e c t e d  b y  t h e  u s e  o f  t h e  N - M e  
d e r i v a t i v e ,  (3.17), r a t h e r  t h a n  t h e  p r e f e r r e d  N - S i M e g  s p e c i e s .  T h e r e f o r e  o n l y  C 3 ,  C 4 a n d  C 5 
r i n g  c a r b o n  d a t a  a r e  u s e d  t o  c a l c u l a t e  t h e  p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  o f  e a c h  
c o m p l e x ;  t h e  m e t h o d  o f  c a l c u l a t i o n  u s e d  i s  o t h e r w i s e  i d e n t i c a l  t o  t h a t  d e t a i l e d  i n  
C h a p t e r  2 .  O n  t h e  b a s i s  o f  t h e  c a l c u l a t e d  p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n ,  t h e  c h a n g e  i n  
s h i f t s  i s  p l o t t e d  i n  F i g u r e  3 . 1 2 .
U n f o r t u n a t e l y  c o m p l e x  (3.17) i s  n o t  t h e  m o s t  i d e a l  c h o i c e  o f  m o d e l .  T h i s  i s  
e x a c e r b a t e d  b y  t h e  f a c t  t h a t  t h e  s e r i e s  o f  c o m p o u n d s  d o  n o t  g i v e  r i s e  t o  l a r g e  c h a n g e s  i n  
r i n g  c h e m i c a l  s h i f t s ,  t h u s  a l s o  a m p l i f y i n g  e x p e r i m e n t a l  e r r o r s .  F o r  e x a m p l e ,  s m a l l  
t e m p e r a t u r e  c h a n g e s  c a u s e  s i g n i f i c a n t  v a r i a t i o n  t o  t h e  p o s i t i o n s  o f  i n d i v i d u a l  r e s o n a n c e s  
( s e e  S e c t i o n  3 . 7 ) .
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Tab e3.2
Compound
13c chemical shift (/ppm) 8 29Si
(/ppm) % N-Si*C2 C3 C4 C5 C6
(3.16) 161.4 121.3 135.6 118.9 149.2 (1.9) 0
(3.11a) 159.2 121.5 136.1 119.3 147.7 17.0 8
(3.11b) 159.6 122.3 138.6 120.1 144.5 -19.4 36
(3.11c) 162.7 123.3 141.2 121.2 143.6 -0.8 69
(3.11d) 164.4 123.6 143.3 122.3 143.9 40.6 92
(3.17) 163.1 124.6 143.5 122.0 146.7 (3.5) 100
( *  B a s e d  o n  C 3 ,  C 4 a n d  C 5 o n l y )
Figure 3.12
Ring NMR chemical shifts of complexes 
(3.11a-d), (3.16) and (3.17).
—  ------------------------ P  -----------— I (3.16 )
■8
o
. 0
m
Z
S
Ko>a.
(3.11a)
(3.11b )
C 2
C 3
C 4
C 5
C 6
(3.11c )
(3.11d ) 
(3.17 )1— T----- 1 r
1 6 5  1 6 0  1 5 5  1 5 0  1 4 5  1 4 0  1 3 5  1 3 0  1 2 5  1 2 0  1 1 5
chemical shift (/ppm)
3.3: 5-TrifluoromethyI substituted 2-thiopyridone com plexes
3.3.1: Synthesis of complexes
A  s e r i e s  o f  5 - t r i f l u o r o m e t h y l  s u b s t i t u t e d  c o m p l e x e s  (3.20a-d) w e r e  p r e p a r e d  t o  
m a k e  a  d i r e c t  c o m p a r i s o n  w i t h  t h e  s e r i e s  (3.11a-d). T h e  t r i m e t h y l s i l y l  d e r i v a t i v e ,  (3.19), 
w a s  p r e p a r e d  f r o m  5 - t r i f l u o r o m e t h y l - 2 - (  1  H ) - t h i o p y r i d o n e  (3.18), a  c o m m e r c i a l l y  a v a i l a b l e  
m a t e r i a l .  F l u o r i d e  (3.20a), c h l o r i d e  (3.20b), b r o m i d e  (3.20c) a n d  t r i f l a t e  (3.20d) 
c o m p l e x e s  w e r e  p r e p a r e d  i n  a n  i d e n t i c a l  m a n n e r  t o  t h e i r  u n s u b s t i t u t e d  a n a l o g u e s  
(3.11a-d).
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F;C. FiC.
I
H
( 3 . 1 8 )
N  S S i M e :
C119)
M e  / / , , .
M e ^
S i
X
( 3 . 2 0 a )  X  =  F  
( 3 . 2 0 b )  X  =  C l  
( 3 . 2 0 c )  X  =  B r  
( 3 . 2 0 ( 1 )  X  =  O T f
3 . 3 . 2 :  S y n t h e s i s  o f  m o d e l  c o m p o u n d s
C o m p o u n d s  ( 3 . 2 1 )  a n d  ( 3 . 2 2 ) ,  t h e  5 - t r i f l u o r o m e t h y l  a n a l o g u e s  o f  ( 3 . 1 6 )  a n d  ( 3 . 1 7 )  
r e s p e c t i v e l y ,  w e r e  u s e d  a s  m o d e l s  o f  t h e  limiting  s t r u c t u r e s .  T h e y  w e r e  p r e p a r e d  f r o m
( 3 . 1 9 )  a s  b e f o r e .
F3C.
O T f
^  S i M e :S i M e .  N  " S "
I
( 3 . 2 1 )  M e  ( 3 . 2 2 )
3 . 3 . 3 :  S o l u t i o n  c a l c u l a t i o n s
T h e  i m p o r t a n t  a n d  2 9 g i  N M R  d a t a  f o r  ( 3 . 2 0 a - d ) ,  ( 3 . 2 1 )  a n d  ( 3 . 2 2 )  a r e  
p r e s e n t e d  i n  T a b l e  3 . 3 .  O n  t h e  b a s i s  o f  t h e  C 3 ,  C 4 a n d  C 5 r i n g  c a r b o n  c h e m i c a l  s h i f t s ,  t h e  
p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  w a s  c a l c u l a t e d  f o r  e a c h  o f  t h e  c o m p o u n d s  ( 3 . 2 0 a - d ) .  T h i s  
d a t a  i s  p l o t t e d  i n  F i g u r e  3 . 1 3  a g a i n s t  t h e  c h e m i c a l  s h i f t s .
T a b l e  3 . 3
C o m p o u n d
^ ^ C  c h e m i c a l  s h i f t  ( / p p m ) 6 %
( / p p m ) %  N - S i *C 2 C 3 C 4 C 5 C 6
( 3 . 2 1 ) 1 6 6 . 5 1 2 0 . 9 1 3 2 . 2 122.0 1 4 6 . 2 ( 2 . 1) 0
( 3 . 2 0 a ) 1 6 4 . 5 1 2 1 . 3 1 3 2 . 5 1 2 2 . 3 1 4 5 . 6 2 6 u O 7
( 3 . 2 0 b ) 1 6 4 . 3 121.6 1 3 2 . 9 122.6 1 4 5 . 2 1 9 / 2 1 6
( 3 . 2 0 c ) 1 6 4 . 5 122.0 1 3 3 . 7 1 2 2 . 7 1 4 3 . 5 7 . 3 2 4
( 3 . 2 0 d ) 1 6 7 . 2 1 2 3 . 7 1 3 7 . 3 1% T 6 1 4 0 . 5 7 . 6 7 7
( 3 . 2 2 ) 1 6 8 . 3 1 2 5 . 8 1 3 9 . 1 1 2 4 . 6 1 4 4 . 5 ( 3 . 7 ) 100
( *  B a s e d  o n  C 3 ,  C 4 a n d  C 5 o n l y )
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Figure 3.13
Ring 13 c NMR chemical shifts of the complexes 
(3.20a-d), (3.21) and (3.22).
0 - r — ^ ------------------------  — -  - p —  ^ ( 3 . 2 1  )
(3.20a ) 
(3.20b ) 
(3.20c )
o 3 0 -
^  6 0 -  a>
7 0 -
I  8 0 -
(3.20d )
(3.22 )
C 2
C 3
C 4
C 5
C 6
-i-----1------1------1----- 1----- r — r
1 7 0  1 6 5  1 6 0  1 5 5  1 5 0  1 4 5  1 4 0  1 3 5  1 3 0  1 2 5  1 2 0
c h e m i c a l  s h i f t  ( / p p m )
3.4: A tw o-dim ensional map of nucleophilic substitution  at silicon as 
m odelled by 2-thiopyridone com plexes (3.11a-d) and (3.20a-d)
C o m p l e x e s  (3.1 la -d )  a n d  (3.20a-d), a l t h o u g h  c o n t a i n i n g  d i f f e r e n t  r i n g  
s u b s t i t u e n t s ,  r e l a t e  t o  t h e  s a m e  b a s i c  m o d e l  o f  s u b s t i t u t i o n  -  t h a t  o f  a  p y r i d i n e  n i t r o g e n  a t  
a n  R g S i X  o r g a n o s i l a n e .  B y  c o n v e r t i n g  t h e  2 9 S i  c h e m i c a l  s h i f t s  i n t o  v a l u e s  o f  percentage 
pentacoordination,  a  p l o t  o f  h o w  t h e  c o o r d i n a t i o n  s t a t e  o f  t h e  s i l i c o n  c h a n g e s  w i t h  
p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  c a n  b e  d r a w n  ( T a b l e  3 . 4  a n d  F i g u r e  3 . 1 4 ) .  T h e  l i m i t  o f  
1 0 0 %  ( Ô  - 3 5 )  p e n t a c o o r d i n a t i o n  i s  b a s e d  o n  t h e  v a r i a b l e - t e m p e r a t u r e  N M R  s t u d y  o n  
c o m p l e x  (3.11b) r e p o r t e d  i n  S e c t i o n s  3 . 7 . 1  a n d  3 . 7 . 4 .  T h e  l i m i t  o f  0 %  p e n t a c o o r d i n a t i o n  
f o r  a  c o m p l e t e l y  ‘ u n s u b s t i t u t e d ’  s i l i c o n ,  (3.14), i s  c h o s e n  b y  t h e  c h e m i c a l  s h i f t  o f  t h e  
t e t r a c o o r d i n a t e  s i l i c o n  o f  (1.38) (6 2 8 ) .  S i n c e  w e  d o  n o t  h a v e  a  s u i t a b l e  s i l i c o n - c o n t a i n i n g  
m o d e l  o f  (3.15), t h e  t h i o p y r i d i n e  c o m p l e x  w i t h  t h e  m o s t  d o w n - f i e l d  Z ^ S i  c h e m i c a l  s h i f t ,  
t h a t  o f  c o m p l e x  (3.1 Id) ( 5  4 0 . 6 ) ,  s h a l l  b e  u s e d  i n s t e a d  a s  t h e  l i m i t i n g  v a l u e .  C o m p o u n d s
(3.16) / (3.21) a n d  (3.17) / (3.22) a r e  i n c l u d e d  i n  t h e  p l o t  b y  s e t t i n g  t h e i r  p e r c e n t a g e  
p e n t a c o o r d i n a t i o n  v a l u e s  t o  0 % .  F o r  (3.16) / (3.21) t h i s  m u s t  b e  d o n e  b e c a u s e  o f  t h e  
s u b s t i t u e n t  e f f e c t  o n  t h e  ^ ^ S i  N M R  c h e m i c a l  s h i f t .  F o r  (3.17) / (3.22) i t  i s  b e c a u s e  a  s i l i c o n  
a t o m  i s  n o t  i n v o l v e d  i n  t h e  q u a t e r n i s a t i o n  o f  t h e  p y r i d i n e  n i t r o g e n .  W h i c h  0 %
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p e n t a c o o r d i n a t i o n  l i m i t  i s  u s e d  i n  a  c a l c u l a t i o n  d e p e n d s  o n  t h e  p e r c e n t a g e  
n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n  o f  t h e  g i v e n  c o m p l e x  ( S e e  C h a p t e r  2 ,  p a g e  4 7 ) .
Table 3.4
C o m p l e x % N - S i 5  2 9 S i  ( / p p m ) %  p e n t a c o o r d i n a t i o n
(3.16)/(3.21) 0 ( 1 . 9 / 2 . 1 ) 0
(3.20a) 7 26.0 3
(3.11a) 8 1 7 . 0 1 7
(3.20b) 1 6 19.2 1 4
(3.20c) 2 4 7 . 3 3 3
(3.11b) 3 6 - 1 9 . 4 7 5
(3.11c) 69 -0.8 5 5
(3.20d) 7 7 7 . 6 4 4
(3.11d) 92 40.6 0
(3.17)/(3.22) 100 (3.5 / 3.7) 0
Figure 3.14
A two-dimensional map of extent of pentacoordination as a function 
of N-Si bond formation for complexes (3.1 la-d) and (3.20).
C o m p l e x e s :  
(3.1 la-d ) 
(3.20a-d )
d  5 0 -
5  3 0 -
- |-------1------ 1-------r
10 20 30 40
T------
80 90 100
P e r c e n t a g e  N - S i  b o n d  f o r m a t i o n
T h e  p l o t  o u t l i n e s  t h e  c h a r a c t e r i s t i c  t r a n s i t i o n  f r o m  t e t r a c o o r d i n a t i o n ,  t h r o u g h  p e n t a ,  
t h e n  b a c k  t o  t e t r a c o o r d i n a t i o n .  T h e  m a x i m u m  o f  p e n t a c o o r d i n a t i o n  i s  p r e d i c t e d  t o  o c c u r  
a r o u n d  5 0 %  N - S i  b o n d  f o r m a t i o n .  F o r  b o t h  s e r i e s ,  t h e  o r d e r  o f  m e a s u r e d  N - S i  b o n d  
f o r m a t i o n  m i r r o r s  t h e  o r d e r  o f  i n c r e a s i n g  l e a v i n g  g r o u p  a b i l i t y  o f  X .  T h e  e f f e c t  o f  t h e  
s t r o n g  i n d u c t i v e l y  e l e c t r o n - w i t h d r a w i n g  5 - t r i t l u o r o m e t h y l  g r o u p  o n  t h e  n u c l e o p h i l i c i t y  o f  
t h e  p y r i d i n e  n i t r o g e n  i s  r e a d i l y  a p p a r e n t  f r o m  a  c o m p a r i s o n  ( T a b l e  3 . 5 )  o f  t h e  p e r c e n t a g e  
N - S i  b o n d  f o r m a t i o n  f o r  c o m p l e x e s  (3.20a-d) w i t h  t h o s e  o f  u n s u b s t i t u t e d  r i n g  c o m p l e x e s
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(3.11a-d). I n  e a c h  c a s e ,  f o r  a  g i v e n  l e a v i n g  g r o u p ,  t h e  s t r e n g t h  o f  t h e  N - S i  b o n d  i s  l e s s  i n
(3.20) t h a n  i n  (3.11).
Table 3.5
R i n g  t y p e P e r c e n t a g e  N - S i  b o n d  f o r m a t i o n
F l u o r i d e  (a) C h l o r i d e  (h) B r o m i d e  (c) T r i f l a t e  (d)
U n s u b s t i t u t e d  (3.11) 8 3 6 6 9 9 2
5 - C F 3 (3.20) 7 1 6 2 4 7 7
S u c h  i s  t h e  e l e c t r o n - w i t h d r a w i n g  s t r e n g t h  o f  t h e  5 - C F 3 g r o u p  o n  t h e  n i t r o g e n ,  t h a t  
i n  t h e  s e q u e n c e  (3.20a) - (3.20b) - (3.20c) t h e r e  i s  l i t t l e  i n c r e a s e  i n  N - S i  b o n d  f o r m a t i o n  
w i t h  i m p r o v i n g  l e a v i n g  g r o u p .  O n l y  i n  t r i f l a t e  c o m p l e x  (3.20d) d o e s  s t r o n g  N - S i  b o n d i n g  
o c c u r .  T h e  s h a p e  o f  F i g u r e  3 . 1 4  i s  v e r y  s i m i l a r  i n  o u t l i n e  t o  t h a t  f o u n d  f o r  t h e  o x y g e n  
‘ n u c l e o p h i l e s ’  p y r i d o n e  a n d  q u i n o l i n e s  ‘ s u b s t i t u t i n g ’  a t  s i l i c o n  ( F i g u r e  2 . 1 9 ) .  F i g u r e  3 . 1 5  
i s  a  c o m b i n a t i o n  o f  t h e s e  p l o t s .
Figure 3.15
A combined plot of the relationship between nucleophile-silicon 
bonding and percentage pentacoordination for thiopyridine, 
pyridone and quinoline complexes.
'  O  n u c l e o p h i l e s
(2.4 ) & 
(2.25a-d )
N  n u c l e o p h i l e s  
(3.1 la-d )& 
(3.20a-d )
g  5 0 -
4 0 -
Ü  3 0  -(U
0  1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  1 0 0
P e r c e n t a g e  n u c l e o p h i l e - s i l i c o n  b o n d  f o i T n a t i o n
T h e  d a t a  p o i n t s  f o r  t h e  t h i o p y r i d i n e  c o m p l e x e s  f i t  w e l l  o n  t h e  c u r v e .  D e v i a t i o n s  
f r o m  t h e  l i n e  a r e  r e l a t e d  t o  t h e  f o r m a t i o n  o f  ‘ l o o s e ’  o r  ‘ t i g h t ’  h y p e r v a l e n t  c o m p l e x e s .  T h e  
c o n c e p t  i s  d i s c u s s e d  l a t e r  ( F i g u r e  3 . 2 5 ) .
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3.5: Di- and tri-chloro-silyl complexes
T h e  ‘ e l e c t r o p h i l i c i t y ’  o f  t h e  s i l i c o n  m a y  b e  i n c r e a s e d  p r o g r e s s i v e l y  i n  t h i o p y r i d i n e  
c o m p l e x e s  b y  t h e  s t e p - w i s e  r e p l a c e m e n t  o f  m e t h y l  g r o u p s  b y  c h l o r i n e s .  T h i s  w i l l  a f f e c t  t h e  
p e r c e n t a g e  o f  N - S i  b o n d  f o r m a t i o n  o b s e r v e d ,  t h e  c h a n g e  i n  w h i c h  m a y  b e  o b s e r v e d  b y  
N M R  s p e c t r o s c o p y .  D i -  (3.23) a n d  t r i -  (3.24) c h l o r o - c o m p l e x e s  a r e  s y n t h e s i s e d  f r o m
(3.10) u s i n g  t h e  a p p r o p r i a t e  c h l o r o ( c h l o r o m e t h y l ) s i l a n e  ( F i g u r e  3 . 1 6 ) .
Figure 3.16
C l S i M e C b
(3.10)
B e n z e n e ,  1 0  m i n s .
M e / / , ,  I
C l
S i -
I
C l
(3.23)
cr S i C b
(3.10)
B e n z e n e ,  1 0  m i n s . Cl/,,. T,
C l
S i -
C l
(3.24)
I f  t h e  r e p l a c e m e n t  o f  m e t h y l  g r o u p s  b y  c h l o r i n e s  o n l y  a f f e c t s  t h e  r i n g  l ^ C  N M R  
c h e m i c a l  s h i f t s  t h r o u g h  a  c h a n g e  i n  t h e  d e g r e e  o f  N - S i  b o n d  f o r m a t i o n ,  t h e n  w e  m a y  
c a l c u l a t e  t h e  d e g r e e  o f  N - S i  b o n d  f o r m a t i o n  f o r  e a c h  c o m p l e x  a s  b e f o r e .  W e  t h e n  h a v e  t h e  
s e r i e s  (3.16)-(3.11b)-(3.23)-(3.24) i n  w h i c h  (3.16) i s  a s s i g n e d  a s  t h e  l o w e r  l i m i t  o f  0 %  
N - S i  b o n d  f o r m a t i o n .  (3.17) r e m a i n s  a  v a l i d  m o d e l  f o r  1 0 0 %  N - S i  b o n d  f o r m a t i o n .  
T a b l e  3 . 6  s h o w s  t h e  k e y  N M R  d a t a  a n d  c a l c u l a t e d  p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  f o r  
e a c h  c o m p l e x .  C %  a n d  C ^  d a t a  are i g n o r e d  i n  t h e  c a l c u l a t i o n s  f o r  t h e  r e a s o n  p r e v i o u s l y  
n o t e d .
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Table 3.6
C o m p o u n d
^ ^ C  c h e m i c a l  s h i f t  ( / p p m ) 8 %
( / p p m ) % N-Si*C 2 C 3 C 4 C 5 C 6
( 3 . 1 6 ) 1 6 1 . 4 1 2 1 . 3 1 3 5 . 6 1 1 8 . 9 1 4 9 . 2 ( 1 . 9 ) 0
( 3 . 1 1 b ) 1 5 9 . 6 1 2 2 . 3 1 3 8 . 6 120.1 1 4 4 . 5 - 1 9 . 4 3 6
(3.23) 1 5 7 . 5 122.8 1 3 9 . 9 1 2 0 . 5 1 4 4 . 3 - 4 5 . 8 5 1
(3.24) 1 5 5 . 8 122.8 1 4 0 . 5 1 2 0 . 5 1 4 4 . 8 - 5 9 . 1 5 3
( 3 . 1 7 ) 1 6 3 . 1 1 2 4 . 6 1 4 3 . 5 122.0 1 4 6 . 7 ( 3 . 5 ) 100
( *  B a s e d  o n  C 3 ,  C 4 a n d  C 5 o n l y )
T h e  p a t t e r n  o f  i n c r e a s i n g  N - S i  b o n d  f o r m a t i o n  m i r r o r s  t h e  i n c r e a s e  i n  
‘ e l e c t r o p h i l i c i t y ’  o f  t h e  s i l i c o n  a s  m o r e  c h l o r i n e s  a r e  a t t a c h e d .  T h e  c h a n g e  i n  t h e  ^ ^ S i  
N M R  s h i f t s  a r e  l e s s  q u a n t i f i a b l e  s i n c e  t h e  o b s e r v e d  v a l u e s  a r e  t h e  c o m b i n a t i o n  o f  d i f f e r e n t  
d e g r e e s  o f  h y p e r c o o r d i n a t i o n  a n d  t h e  d i f f e r i n g  s h i e l d i n g  e f f e c t s  o f  t h e  m e t h y l  a n d  c h l o r i n e  
g r o u p s .  C o m p l e x  (3.24) u n e x p e c t e d l y  s h o w s  l i t t l e  a d d i t i o n a l  N - S i  b o n d i n g  o v e r  (3.23). 
T h e r e f o r e ,  p r e s u m a b l y ,  t h e  ‘ e l e c t r o p h i l i c i t y ’  o f  s i l i c o n  i n  t h e s e  c o m p l e x e s  i s  r e l a t i v e l y  
s i m i l a r .
3.6: 6-m ethyl substituted 2-thiopyridone complexes
3.6.1: Synthesis of complexes
U n l i k e  (3.1) a n d  (3.18), t h e  6 - m e t h y l  a n a l o g u e ,  (3.26), i s  n o t  c o m m e r c i a l l y  
a v a i l a b l e .  I t  m a y  i n s t e a d  b e  p r e p a r e d  f r o m  6 - m e t h y l - 2 - (  1  H ) - p y r i d o n e  (3.25) a n d  
p h o s p h o r o u s  p e n t a s u l f i d e .  T r i m e t h y I s i l y l a t i o n  o f  (3.26) y i e l d s  (3.27) ( F i g u r e  3 . 1 7 ) .
Figure 3.17
"48,0 EtzNSiMej
M e '
5  h o u r s ,  A . N - ^ S  Me'
I  5  h o u r s ,  A .
N SSiMej
H H
(3.25) (3.26) (3.27)
A  s e r i e s  o f  6 - m e t h y l  s u b s t i t u t e d  c o m p l e x e s  (3.28a-d) w e r e  p r e p a r e d  u s i n g  
a n a l o g o u s  r o u t e s  a n d  r e a g e n t s  t o  t h o s e  p r e v i o u s l y  d e s c r i b e d .  T h e  N M R  s p e c t r a  r e v e a l  a  
r e t u r n  t o  t h e  ‘ p y r i d o n e ’  t y p e  s t r u c t u r e  c h a r a c t e r i s e d  b y  a n  N - C H 2 l i n k a g e  a n d  S - S i  
i n t r a m o l e c u l a r  c o o r d i n a t i o n .  T h e  l ^ C  N M R  s p e c t r a  d i s p l a y  a  r e s o n a n c e  i n  t h e  r a n g e  Ô  4 6 . 4  
t o  5 0 . 4 ,  w h i c h  i s  m o r e  t y p i c a l  o f  a n  N - C F I 2 t h a n  a n  S - C H 2 ( a p p r o x i m a t e l y  ô  1 5 ) .  T h e
- 9 7 -
M e ' N ^ S
Spectra often also show a  particularly low 
( 3  2 8 a )  X  =  F  f i ^ l d  C 2 resonance ( 5  1 7 9 . 1  for ( 3 . 2 8 a ) ) .
( 3 . 2 8 b )  X  -  C l  T h i s  i s  m o r e  c h a r a c t e r i s t i c  o f  a  C = S  r a t h e r
I  ( 3 . 2 8 c )  X  =  B r
g j . \ \  M e  ( 3 . 2 8 d )  X  =  O T f  t h a n  a  C - S  ( a b o u t  6  1 5 8 )  i n  t h i s  r i n g
I
^  s y s t e m .  1  T h e  s p e c t r a  s i m i l a r l y  s h o w  a
r e s o n a n c e  a t  a p p r o x i m a t e l y  ô  4 . 4  ( N - C H 2 )  
w h e r e a s  Ô  2 . 7  w o u l d  b e  m o r e  t y p i c a l  f o r  a n  S - C H 2 i n  t h i s  e n v i r o n m e n t .  A t t e m p t s  t o
p r o m o t e  r e a r r a n g e m e n t  o f  ( 3 . 2 8 b )  t o  t h e  S - C F I 2 f o r m  w e r e
u n s u c c e s s f u l  a f t e r  6  d a y s  w a r m i n g  a t  5 0 ° C  i n  C D C I 3 s o l u t i o n .
H y p e r v a l e n t  c o m p l e x e s  c o n t a i n i n g  S - S i  i n t r a m o l e c u l a r  
c o o r d i n a t i o n  a r e  r e l a t i v e l y  r a r e .  ( 3 . 2 9 )  i s  a  d i t h i o c a r b a m a t e  
e x a m p l e  p r e p a r e d  b y  V o r o n k o v  et
F o r  c o m p a r i s o n ,  a  4 - m e t h y l - 2 - ( l H ) - t h i o p y r i d o n e ,  ( 3 . 3 0 ) ,  b a s e d  c o m p l e x  w a s  
s y n t h e s i s e d .  ( 3 . 3 0 )  w a s  p r e p a r e d  b y  a  s i m i l a r  r e a c t i o n  t o  t h a t  u s e d  t o  p r e p a r e  ( 3 . 2 6 ) .  
S i l y l a t i o n  o f  ( 3 . 3 0 )  a l l o w e d  ( 3 . 3 1 )  t o  b e  i s o l a t e d  q u a n t i t a t i v e l y  a n d  r e a c t i o n  o f  ( 3 . 3 1 )  w i t h  
c h l o r o ( c h l o r o m e t h y l ) d i m e t h y l s i l a n e  a f f o r d e d  t h e  s i n g l e  c o m p l e x  ( 3 . 3 2 ) .  T h e  S - C H 2 b o u n d  
s t r u c t u r a l  t y p e  w a s  a s s i g n e d  f r o m  a n d  ^ ^ C  N M R  e v i d e n c e .
M e
EtiN
Sr
S i — F
( 3 . 2 9 )
M e
%
M e
1
H
( 3 . 3 0 ) ( 3 . 3 1 )
S S i M e .
M e / , ft.
Me^
S i -
C l
( 3 . 3 2 )
T h e  p o s s i b l e  m e c h a n i s m s  a n d  r e a s o n s  f o r  t h e  c h o i c e  o f  s t r u c t u r e  a d o p t e d  b y  e a c h  
l i g a n d  s h a l l  b e  d e v e l o p e d  i n  S e c t i o n  3 . 6 . 2 .
3 . 6 . 2 :  Mechanistic routes for the formation of pyridone and thiopyridone complexes
K a l i k h m a n  et  h a v e  s t u d i e d  t h e  m e c h a n i s m  o f  t h e  r e a c t i o n  o f  N - t r i m e t h y l s i l y l -  
a m i d e s  a n d  l a c t a m s  ( 3 . 3 3 )  w i t h  c h l o r o ( c h l o r o m e t h y l ) d i m e t h y l s i l a n e  a n d  p r o p o s e d  t h e  
f o l l o w i n g  s c h e m e  f o r  t h e i r  f o r m a t i o n  ( F i g u r e  3 . 1 8 ) .  T h e  N - t r a n s - s i l y l a t i o n  s p e c i e s  ( 3 . 3 4 )  
a n d  0 - a l k y l a t i o n  p r o d u c t s  ( 3 . 3 5 )  w e r e  o b s e r v e d  u n d e r  k i n e t i c  ( l o w  t e m p e r a t u r e )  c o n d i t i o n s
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b y  N M R  s p e c t r o s c o p y .  U n d e r  t h e r m o d y n a m i c  ( r o o m  t e m p e r a t u r e )  c o n d i t i o n s ,  o n l y  t h e  
i s o m e r i s e d  p r o d u c t  ( 3 . 3 6 )  w a s  o b s e r v e d .  >^6 C o m p o u n d  ( 3 . 3 6 ) ,  w a s  t h e  o n l y  s p e c i e s  
i s o l a b l e  f r o m  t h e  r e a c t i o n s .
Figure 3.18
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A  s i m i l a r  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  o f  c h l o r o ( c h l o r o m e t h y l ) d i m e t h y l s i l a n e  w i t h  
N - t r i m e t h y l s i l y l t h i o l a c t a m s  ( 3 . 37 ) g a v e  o n l y  N - t r a n s - s i l y l a t e d ,  ( 3 . 3 8 ) ,  a n d  
S - s i l y l m e t h y l a t e d  p r o d u c t s  ( 3 . 3 9 ) .  O f  t h e s e  o n l y  t h e  l a t t e r  w a s  i s o l a b l e  ( F i g u r e  3 . 1 9 ) .  
A t t e m p t s  t o  i s o m e r i s e  ( 3 . 3 9 )  t o  t h e  N - s i l y l m e t h y l  f o r m  w e r e  u n s u c c e s s f u l .
Figure 3 . 1 9
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F i g u r e  3 . 2 0  s u m m a r i s e s  t h e  p o s s i b l e  r o u t e s  f o r  t h e  f o r m a t i o n  o f  p y r i d o n e  a n d  
t h i o p y r i d o n e  c o m p l e x e s .  W h e n  Y  =  O  i t  i s  k n o w n  t h a t  s p e c i e s  o f  t y p e  A  a n d  B e x i s t  i n  
e q u i l i b r i u m .  ^  4 8  H o w e v e r  f o r  t h i o p y r i d o n e s ,  n o t  e n o u g h  i s  k n o w n  a b o u t  t h e  n a t u r e  o f  a n y  
e q u i l i b r i a  o r  t r a n s i t i o n  s t a t e  s t r u c t u r e s  t o  b e  a b l e  t o  f u l l y  d e s c r i b e  t h e  i n t e r p l a y  o f  t h e  
d i f f e r e n t  m e c h a n i s m s  i n v o l v e d .
A s  4 - m e t h y l  a n d  6 - m e t h y l  s u b s t i t u t e d  p y r i d i n e  r i n g s  a r e  e l e c t r o n i c a l l y  s i m i l a r ,  i t  i s  
u n l i k e l y  t h a t  t h e  d i s t i n c t i o n  b e t w e e n  m e c h a n i s m s  l e a d i n g  t o  e i t h e r  N - C H ]  o r  S - C H 2 
s t r u c t u r e s  i s  e l e c t r o n i c a l l y  c o n t r o l l e d .  T h e  m o r e  l i k e l y  f a c t o r  c o n t r o l l i n g  t h e  m e c h a n i s m  i s  
t h a t  o f  t h e  s t e r i c  e f f e c t  o f  t h e  m e t h y l  g r o u p .  T h e  s t e r i c  a r g u m e n t  f o r  a  s w i t c h  i n  m e c h a n i s m  
i s  b a s e d  o n  t h e  m e t h y l  g r o u p  i n  t h e  6 - p o s i t i o n  i n h i b i t i n g  t h e  a p p r o a c h  o f  t h e  c h l o r o s i l a n e  
m o i e t y  t o  t h e  p y r i d i n e  n i t r o g e n  m o r e  t h a n  a  h y d r o g e n .  T h i s  a l l o w s  w h a t  m i g h t  o t h e r w i s e  
b e  a  m i n o r  r e a c t i o n  p a t h w a y  t o  t a k e  p r o m i n e n c e  a n d  s o  l e a d  t o  t h e  a l t e r n a t i v e  i s o m e r .
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3 . 6 . 3 :  T h e  d e s i l y l a t i o n  o f  ( 3 . 2 8 a )  
F i g u r e  3 . 2 1
N ‘
i
Y
M c o S i
C l
F - / O H  
( 3 . 2 8 a ) - - - - - - - - - - - - - - - - - -   M e
1 h o u r .
( 3 . 2 8 a )  i s  s u s c e p t i b l e  t o  d e s i l y l a t i o n  b y  e i t h e r
f l u o r i d e  i o n  o r  a q u e o u s  h y d r o x i d e  i o n  a t t a c k ,
s i m i l a r  t o  t h e  s i l y l - f l u o r i d e  c o m p l e x e s  o f  t h e
q u i n o l i n e  a n d  r e l a t e d  l i g a n d s  ( 2 . 2 5 a ) ,  ( 2 . 4 1 a )
a n d  ( 2 . 4 2 a )  ( C h a p t e r  2 ) .  T h i s  r e s u l t s  i n  t h e  
i s o l a t i o n  o f  I . 6 - d i m e t h y l - 2 - t h i o p y r i d o n e  ( 3 . 4 0 )  ( F i g u r e  3 . 2 1 ) .  T h i s  p r o d u c t  w a s  o b t a i n e d  i f
( 3 . 2 8 a )  w a s  d e l i b e r a t e l y  e x p o s e d  t o  e i t h e r  i o n  i n  s o l u t i o n  d u r i n g  t h e  r e a c t i o n  o r  w o r k - u p .  
T h e  S i l i c o n - c o n t a i n i n g  c o - p r o d u c t  w a s  n o t  i s o l a t e d .
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3 . 6 . 4 :  P r e p a r a t i o n  o f  m o d e l  c o m p l e x e s  a n d  m a p p i n g
I n i t i a l l y ,  t h e  i s o l a t i o n  o f  ( 3 . 4 0 )  w a s  a n  u n w a n t e d  s i d e  r e a c t i o n  i n  t h e  p r e p a r a t i o n  o f  
( 3 . 2 8 a ) ,  h o w e v e r ,  ( 3 . 4 0 )  w a s  f o u n d  l a t e r  t o  b e  a  s u i t a b l e  m o d e l  c o m p o u n d  f o r  0 %  S - S i  
b o n d  f o r m a t i o n .  T h i s  w a s  s u b s e q u e n t l y  p r e p a r e d  q u a n t i t a t i v e l y  b y  d e l i b e r a t e  
d e c o m p o s i t i o n  o f  ( 3 . 2 8 a )  i n  a q u e o u s  s o d i u m  h y d r o x i d e .  B y  t r e a t m e n t  o f  ( 3 . 4 0 )  w i t h  
m e t h y l  t r i f l a t e ,  c o m p o u n d  ( 3 . 4 1 )  w a s  o b t a i n e d .  T h e  r i n g  N M R  c h e m i c a l  s h i f t s  o f
( 3 . 4 1 )  a r e  a  s u i t a b l y  c h a r a c t e r i s t i c  m o d e l  o f  1 0 0 %  S - S i  b o n d  f o r m a t i o n  ( F i g u r e  3 . 2 2 ) .  
F i g u r e  3 . 2 2
( 3 . 4 0 )
M e O T f
T o l u e n e ,  
1 5  m i n s
- Q T f  T h e  k e y  N M R  d a t a  f o r  c o m p l e x e s  ( 3 . 2 8 a - d )
M e '
a n d  m o d e l s  ( 3 . 4 0 )  a n d  ( 3 . 4 1 )  a r e  p r e s e n t e d  N  S M e  V  /  \  V  K
M e
( 3 . 4 1 )
i n  T a b l e  3 . 7  a l o n g  w i t h  t h e  c a l c u l a t e d  
v a l u e s  o f  p e r c e n t a g e  S - S i  b o n d  f o r m a t i o n .
T a b l e  3 . 7
Compound
’^C chemical shift (/ppm)
0 % %  S - S i *C2 C3 C4 C5 C6
(3.40) 1 8 1 . 4 133.6 1 3 3 . 4 1 1 5 . 1 1 4 9 . 4 - 0
(3.28a) 1 7 9 . 1 1 3 2 . 7 133.0 1 1 5 . 5 148.7 27.0 5
(3.28b) 1 7 6 . 4 1 3 0 . 5 134.6 1 1 6 . 6 1 4 9 . 9 - 0.1 21
(3.28c)# 1 7 4 . 8 1 3 1 . 5 1 3 6 . 7 1 1 9 . 4 1 5 3 . 1 ?  + 3 4
(3.28d)§ 163.9 126.4 1 4 3 . 4 124.6 158.4 26.7 9 1
(3.41) 1 6 1 . 7 122.2 142.8 1 2 4 . 1 156.4 - 100
( N o t e s :  *  B a s e d  o n  a l l  r i n g  c a r b o n s  e x c e p t  C ^ .   ^ S a m p l e  i n  C D 3O D .  +  A t t e m p t s  t o  o b s e r v e  
a  2 9 s i  r e s o n a n c e  f o r  t h i s  c o m p o u n d  f a i l e d  d e s p i t e  v a r y i n g  t h e  s o l v e n t  ( C D 3C N  /  C D C I 3 /  
C D 3 O D )  a n d  u s i n g  d i f f e r e n t  p u l s e  d e l a y s  ( 1 0 - 6 0  s e c ) .  I t  w a s  t h e r e f o r e  a s s u m e d  t h a t  t h e  
s i g n a l  w a s  s i g n i f i c a n t l y  b r o a d e n e d  i n t o  t h e  b a s e l i n e .  §  S a m p l e  i n  C D 3C N . )
T h e  c h e m i c a l  s h i f t  c h a n g e s  a r e  m u c h  l a r g e r  t h a n  f o r  e i t h e r  ( 3 . 1  l a - d )  o r  ( 3 . 2 0 a - d )  
s e r i e s  o f  c o m p l e x e s .  T h i s  a l l o w s  a l l  r i n g  c a r b o n s ,  e x c e p t  C ,^  t o  b e  u s e d  f o r  t h e  p e r c e n t a g e  
S - S i  b o n d  f o r m a t i o n  c a l c u l a t i o n s .  T w o  o f  t h e  c o m p l e x e s  h a v e  c h e m i c a l  s h i f t s  o u t s i d e  
t h e  r a n g e  d e f i n e d  f o r  t h e  c h e m i c a l  s h i f t  o f  i n  t h e  m o d e l s  ( 3 . 4 0 )  a n d  ( 3 . 4 1 ) .  T h e  
i n c l u s i o n  o f  t h e  d a t a  i n  t h e  c a l c u l a t i o n s  w o u l d  l e a d  t o  d i s t o r t i o n  o f  t h e  f i g u r e s  a n d  t h u s  
h a v e  b e e n  i g n o r e d .  T h e  d a t a  a r e  p l o t t e d  ( F i g u r e  3 . 2 3 )  a g a i n s t  t h e  p e r c e n t a g e  S - S i  b o n d  
f o r m a t i o n .  V a l u e s  o f  p e r c e n t a g e  p e n t a c o o r d i n a t i o n  w e r e  c a l c u l a t e d  f o r  ( 3 . 2 8 a / b / d )
-101-
( T a b l e  3 . 8 )  o n  t h e  b a s i s  o f  t h e  p r e v i o u s l y  d e f i n e d  l i m i t i n g  v a l u e s  ( S e c t i o n  3 . 4 ) .  S i n c e  t h e  
e f f e c t  o f  a  d o n o r  s u l f u r  i n  a  100 %  p e n t a c o o r d i n a t i o n  c o m p l e x  i s  n o t  k n o w n ,  a  v a l u e  o f  
5  - 3 5  s h a l l  b e  a s s u m e d  a s  a  g o o d  a p p r o x i m a t i o n .
Figure 3.23
Ring chemical shift of the complexes
(3.28a-d), (3.39) and (3.40). (3.40 ) 
(3.28a
(3.28b
(3.28c
. . .  5 0 -  m
m 6 0 -
(U
7 0 -
I
^  9 0 - (3.28d 
(3.41 )100
1 8 5  1 7 5  1 6 5  1 5 5  1 4 5  1 3 5  1 2 5  1 1 5
C 2
C 3
C 4
C 5
C 6
c h e m i c a l  s h i f t  ( / p p m )
Table 3.8
P e r c e n t a g e  p e n t a c o o r d i n a t i o n
(3.28a) (3.28b) (3.28d)
2 4 5 1 9
T h e  f a c t  t h a t  w e  h a v e  n o t  b e e n  a b l e  t o  o b s e r v e  t h e  ^ ^ S i  r e s o n a n c e  f o r  (3.28c) m a y  
b e  r e l a t e d  t o  t h e  N M R  s o l v e n t  i n  w h i c h  t h e  c o m p o u n d  i s  s o l u b l e ,  m e t h a n o l - d ^ .  T h e  
c o m p o u n d  i s  n o t  a p p r e c i a b l y  s o l u b l e  i n  a n y  o t h e r  c o m m o n  N M R  s o l v e n t  a n d  i s  t h e  o n l y  
c o m p l e x  a n a l y s e d  i n  m e t h a n o l - d ^ .  I t  i s  l i k e l y  t h a t  t h e r e  i s  s o m e  i n t e r a c t i o n  o f  t h e  s i l i c o n  
w i t h  t h e  m e t h a n o l  t h a t  b r o a d e n s  t h e  ^ ^ S i  r e s o n a n c e .  H o w e v e r ,  i f  t h e  s o l v e n t  w e r e  
h y d r o l y s i n g  t h e  c o m p l e x ,  a  r e s o n a n c e  f o r  t h e  h y d r o l y s i s  p r o d u c t  w o u l d  b e  e x p e c t e d ,  w h i c h  
w a s  n o t  o b s e r v e d .
W e  c a n  d i r e c t l y  c o m p a r e  (3.28a-d) w i t h  t h e i r  a n a l o g o u s  6 - m e t h y l - 2 - p y r i d o n e  
c o m p l e x e s  ( T a b l e  3 . 9 ) .  1 ^ 9
- 1 0 2 -
Table 3.9
C o m p l e x  t y p e
P e r c e n t a g e  n u c l e o p h i l e - S i  b o n d
F l u o r i d e  (a) C h l o r i d e  (b) B r o m i d e  (c) T r i f l a t e  (d)
6 - M e  p y r i d o n e 4 0 7 0 7 2 9 0
6 - M e  t h i o p y r i d o n e  (3.28) 5 2 1 3 4 9 1
5 - C F 3 t h i o p y r i d o n e  (3.20) 7 1 6 2 4 7 7
T h e  d a t a  g e n e r a l l y  c o n f i r m  t h a t  o x y g e n  i s  a  h a r d e r  ‘ n u c l e o p h i l e ’  t h a n  s u l f u r ,  g i v i n g  
r i s e  t o  s t r o n g e r  n u c l e o p h i l e - s i l i c o n  b o n d s  f o r  a  g i v e n  l e a v i n g  g r o u p .  W i t h  t h e  b e s t  ‘ l e a v i n g  
g r o u p ’  ( t r i f l a t e ) ,  t h e  f o r m a t i o n  o f  a  s t r o n g  n u c l e o p h i l e - s i l i c o n  b o n d  d e p e n d s  l e s s  o n  t h e  
n a t u r e  o f  t h e  ‘ n u c l e o p h i l e ’  a n d  m o r e  o n  t h e  h i g h  ‘ e l e c t r o p h i l i c i t y ’  o f  t h e  s i l i c o n  c e n t r e .  
T h e  c h a n g e  o f  p e r c e n t a g e  n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n  w i t h  c h a n g i n g  l e a v i n g  g r o u p  
f o r  c o m p o u n d s  (3 .28a-d) h a s  a  s i m i l a r  p a t t e r n  t o  c o m p o u n d s  (3.20a-d). T h e  
n u c l e o p h i l i c i t y  o f  t h e  s u l f u r  i n  (3.28a-d) a n d  n i t r o g e n  i n  (3.20a-d) a r e  t h e r e f o r e  
c o m p a r a b l e .
T h e  p e r c e n t a g e  n u c l e o p h i l e  s i l i c o n  b o n d  f o r m a t i o n  f o r  a l l  t h e  c o m p l e x e s  w e  h a v e  
s y n t h e s i s e d  ( t h i o p y r i d i n e  (3.1 la-d), (3.20a-d), (3.28a/b/d) a n d  q u i n o l i n e  (2.25a-d)) a n d  
t h e i r  r e s p e c t i v e  p e r c e n t a g e  p e n t a c o o r d i n a t i o n s  a r e  p l o t t e d  i n  F i g u r e  3 . 2 4  t o g e t h e r  w i t h  t h e  
d a t a  f o r  t h e  p y r i d o n e s  (2.4).
Figure 3.24
A combined two dimensional map of the extent of pentacoordination as a 
function of nucleophile-silicon bond formation for quinoline, pyridone 
(O nucleophile) and thiopyridone (N and S nucleophiles) complexes.
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P e r c e n t a g e  n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n
103-
D e v i a t i o n s  f r o m  t h e  l i n e  a r e  t h e  r e s u l t  o f  u s i n g  a  v a r i e t y  o f  ‘ n u c l e o p h i l e s ’  a n d  
‘ l e a v i n g  g r o u p s ’  u s e d  t o  m o d e l  t h e  g e n e r a l i s e d  S n 2  s u b s t i t u t i o n .  T h e  d e v i a t i o n s  r e l a t e  t o  
t h e  f o r m a t i o n  o f  ‘ l o o s e ’  o r  ‘ t i g h t ’  h y p e r v a l e n t  s t r u c t u r e s .  F o r  e x a m p l e  ( F i g u r e  3 . 2 5 )  a
Figure 3.25
N u
S i
X
A
N .
N u
X
B
t r i g o n a l - b i p y r a m i d a l  c o m p l e x  m a y  h a v e  t h e  t w o  a x i a l  g r o u p s  
r e l a t i v e l y  c l o s e  t o  {tight.  A) o r  r e l a t i v e l y  f a r  a w a y  {loose,  B) 
f r o m  t h e  s i l i c o n .  T h i s  m e a n s  t h a t  c o m p l e x e s  r e p r e s e n t i n g  t h e  
s a m e  s t a g e  o f  ‘ s u b s t i t u t i o n ’ ,  e . g .  m a x i m u m  
p e n t a c o o r d i n a t i o n ,  c a n  g i v e  r i s e  t o  d i f f e r e n t  e x t e n t s  o f  
n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n .  O t h e r w i s e ,  t h e  d a t a  f o r  
t h e  c o m p l e x e s  f i t  t o g e t h e r  w e l l  o n  a  s i n g l e  c u r v e .  T h e  
m a x i m u m  e x t e n t  o f  p e n t a c o o r d i n a t i o n  o c c u r s ,  r e g a r d l e s s  o f  t h e  s p e c i f i c  ‘ n u c l e o p h i l e ’ ,  a t  
5 0 %  ±  1 0 %  n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n .  T h e  ‘ r a t e ’  of fall-off of  p e n t a c o o r d i n a t i o n  
w i t h  p e r c e n t a g e  n u c l e o p h i l e - S i  b o n d  f o r m a t i o n  i s  t h e  s a m e  e i t h e r  s i d e  of t h e  m a x i m a  o f  
p e n t a c o o r d i n a t i o n .
T h e  ‘ n u c l e o p h i l i c i t y ’  o f  t h e  l i g a n d s  w e  h a v e  u s e d  i n  C h a p t e r s  2  a n d  3  m a y  b e  
c o m p a r e d  u s i n g  p e r c e n t a g e  p e n t a c o o r d i n a t i o n  d a t a ,  a n d ,  w h e r e  a v a i l a b l e ,  p e r c e n t a g e  
n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n  d a t a  ( T a b l e  3 . 1 0 ) .  T h e  l i g a n d s  a r e  o r d e r e d  f o r  t h e  
s i l y l - c h l o r i d e  c o m p l e x e s  b y  d e c r e a s i n g  ‘ n u c l e o p h i l i c i t y ’ .  T h e  o r d e r i n g  w a s  d e c i d e d  f i r s t l y  
f r o m  %  n u c l e o p h i l e - S i  b o n d  f o r m a t i o n  d a t a  a n d  s e c o n d l y  f r o m  %  p e n t a c o o r d i n a t i o n  d a t a .  
Table 3.10
C h l o r o -  c o m p l e x . . . Ô  2 9 s  i  ( / p p m ) %  N u - S i  b o n d  f ’ n %  P e n t a c o o r d ’ n
Q u i n o l i n e  (2.25b) -38.3 6 3 9 7
2 - P y r i d o n e  (2.12b) - 4 1 . 1 5 0 100
2 - P y r i m i d o n e  (2.43) -33.7 n / c 9 1
2 - Q u i n o x a l i n o n e  (2.41b) - 2 7 . 1 n / c 8 1
2 - T h i o p y r i d i n e  (3.11b) - 1 9 . 4 3 6 7 5
4 - P y r i m i d o n e  (2.42b) - 1 6 . 7 n / c 66
6 - M e  T h i o p y r i d i n e  (3.28b) - 0.1 21 4 5
5 - C F 3 T h i o p y r i d i n e  (3.20b) 1 9 . 2 1 6 1 4
( n / c  =  N o t  c a l c u l a t e d )
O x y g e n  d o n o r  l i g a n d s  a r e  g e n e r a l l y  m o r e  ‘ n u c l e o p h i l i c ’  t h a n  n i t r o g e n  o r  s u l f u r
o n e s .  T h e  ‘ n u c l e o p h i l i c i t y ’  o f  b o t h  O  a n d  N  d o n o r  l i g a n d s  i s  s i g n i f i c a n t l y  c u r t a i l e d  w h e n
s t r o n g  e l e c t r o n  w i t h d r a w i n g  g r o u p s  o r  a t o m s  o n  t h e  a r o m a t i c  r i n g .
- 1 0 4 -
3.7: V ariable-tem perature NM R studies of 5-coordinate thiopyridine  
complexes
T h e  e x p a n s i o n  o f  t h e  c o o r d i n a t i o n  s p h e r e  o f  s i l i c o n  i s  o f t e n  t h e r m o d y n a m i c a l l y  
f a v o u r a b l e .  I n  c o n t r a s t ,  5 - c o o r d i n a t e  c a r b o n  t r a n s i t i o n  s t a t e s  a r e  p o t e n t i a l  e n e r g y  
m a x i m a  a n d  a r e  r a r e l y  o b s e r v e d .  T h e  v a r i a b l e - t e m p e r a t u r e  N M R  s t u d y  b y  
K u m m e r  et  o f  s i l y l - p y r i d o n e  c o m p l e x  (2.12b) s h o w e d  t h a t  t h e  l o w e r  t h e
t e m p e r a t u r e ,  t h e  g r e a t e r  t h e  p e r c e n t a g e  o f  S i - 0  b o n d  f o r m a t i o n  i n  t h e  c o m p l e x .  O n  t h i s  
b a s i s ,  n u c l e o p h i l i c  s u b s t i t u t i o n  m a y  b e  m o d e l l e d  b y  v a r i a b l e - t e m p e r a t u r e ,  m u l t i - n u c l e a r  
N M R  s p e c t r o s c o p y  o f  s i n g l e  c o m p o u n d s ,  g i v i n g  a  s l i g h t l y  d i f f e r e n t  s t r u c t u r e  a t  e a c h  
t e m p e r a t u r e .
3.7.1: Unsubstituted 2-thiopyridine complex (3.11b)
A  d e u t e r o c h l o r o f o r m  s o l u t i o n  o f  t h e  c h l o r i d e  c o m p l e x  (3.11b) w a s  a n a l y s e d  b y  
’ ^ C  a n d  2 9 s i  N M R  s p e c t r o s c o p y  a t  t e m p e r a t u r e s  f r o m  - 5 0 ° C  t o  4 - 5 0 ° C  i n  1 0 ° C  i n t e r v a l s .  
I t  w a s  a s s u m e d  t h a t  t h e  * ^ 0  N M R  s h i f t s  o f  t h e  m o d e l s  (3.16) a n d  (3.17) a r e  n o t  
s i g n i f i c a n t l y  t e m p e r a t u r e  d e p e n d a n t  ( a s  l a t e r  a s s u m e d  f o r  t h e  o t h e r  s e r i e s ’ ) .  T h e  
p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  a t  e a c h  t e m p e r a t u r e  w a s  c a l c u l a t e d  i n  t h e  s a m e  w a y  a s  
f o r  t h e  s e r i e s  (3.1 la-d) ( u s i n g  C 3 ,  C 4 a n d  C 5 d a t a  s e t s ) .  S e l e c t e d  N M R  d a t a  a n d  r e s u l t s  
o f  t h e  c a l c u l a t i o n s  a r e  p r e s e n t e d  i n  T a b l e  3 . 1 1 .
Table 3.11
T e m p e r a t u r e
( / T )
c h e m i c a l  s h i f t  ( / p p m ) 8  2 9 S Î
( / p p m ) %  N - S i *C 2 C 3 C 4 C 5 C 6
5 0 1 5 9 . 6 1 2 2 . 3 1 3 7 . 9 1 1 9 . 9 1 4 5 . 6 - 8 . 7 3 0
4 0 1 5 9 . 6 1 2 2 . 3 1 3 8 . 1 120.0 1 4 5 . 2 - 12.6 3 3
3 0 1 5 9 . 6 1 2 2 . 3 1 3 8 . 3 120.0 1 4 4 . 9 - 1 6 . 4 3 3
20 1 5 9 . 6 1 2 2 . 3 1 3 8 . 6 120.0 1 4 4 . 5 - 1 9 . 4 3 6
10 1 5 9 . 6 1 2 2 . 3 1 3 8 . 8 120.1 1 4 4 . 3 - 2 2 . 4 3 7
0 1 5 9 . 6 1 2 2 . 3 1 3 8 . 9 120.2 1 4 4 . 0 - 2 4 . 8 3 8
-10 1 5 9 . 6 1 2 2 . 4 1 3 9 . 1 120.2 1 4 3 . 8 - 2 7 . 0 4 0
-2 0 1 5 9 . 6 1 2 2 . 4 1 3 9 . 3 1 2 0 . 3 1 4 3 . 6 - 2 8 . 9 4 2
- 3 0 1 5 9 . 7 1 2 2 . 4 1 3 9 . 3 1 2 0 . 3 1 4 3 . 5 - 3 0 . 1 4 2
- 4 0 1 5 9 . 7 1 2 2 . 4 1 3 9 . 4 1 2 0 . 3 1 4 3 . 4 - 3 0 . 8 4 3
- 5 0 1 5 9 . 7 1 2 2 . 4 1 3 9 . 5 1 2 0 . 4 1 4 3 . 3 - 3 1 . 0 4 4
( *  B a s e d  o n  C 3 ,  C 4 a n d  C 5 d a t a  o n l y )
-105-
T h e  p e r c e n t a g e  p e n t a c o o r d i n a t i o n  a t  e a c h  t e m p e r a t u r e  c a n  b e  c a l c u l a t e d  f r o m  
t h e  2 ^ S i  N M R  c h e m i c a l  s h i f t s ,  ( T a b l e  3 . 1 2 ) ,  a n d  t h e  c h a n g e  i n  c o o r d i n a t i o n  o f  t h e  
s i l i c o n  f o l l o w e d  a s  a  f u n c t i o n  o f  t h e  p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n .  T h e  l i m i t i n g  
v a l u e s  o f  p e r c e n t a g e  p e n t a c o o r d i n a t i o n  a r e  t h e  s a m e  a s  t h o s e  u s e d  i n  t h e  m a p p i n g  
e x e r c i s e  ( S e c t i o n  3 . 4 ) .
Table 3.12
T e m p
rc 5 0 4 0 3 0 20 10 0 -10 -20 - 3 0 - 4 0 - 5 0
Ô 2 9 S i
( / p p m ) - 8 . 7 - 12.6 - 1 6 . 4 - 1 9 . 4 - 2 2 . 4 - 2 4 . 8 - 2 7 . 0 - 2 8 . 1 - 3 0 . 1 - 3 0 . 8 - 3 1 . 0
%  p e n t a 5 8 6 4 7 0 7 5 8 0 8 4 8 7 9 0 9 2 9 3 9 4
% N - S i 3 0 3 3 3 4 3 6 3 7 3 8 4 0 4 2 4 2 4 3 4 4
3.7.2: S-Trifluoromethyl 2-thiopyridine complex (3.20d)
I d e n t i c a l  v a r i a b l e - t e m p e r a t u r e  ^ 3 c  a n d  ^ ^ S i  N M R  e x p e r i m e n t s  w e r e  p e r f o r m e d  
o v e r  t h e  t e m p e r a t u r e  r a n g e  - 5 0 ° C  t o  + 5 0 “ C  o n  t r i f l a t e  c o m p l e x  (3.20d) i n  
d e u t e r o c h l o r o f o r m .  A  s u m m a r y  o f  t h e  k e y  N M R  d a t a  i s  g i v e n  i n  T a b l e  3 . 1 3 .  T h e  
p e r c e n t a g e  p e n t a c o o r d i n a t i o n  c a n  a l s o  b e  c a l c u l a t e d  a t  e a c h  t e m p e r a t u r e  ( T a b l e  3 . 1 4 ) .  
Table 3.13
T e m p e r a t u r e
( / ° C )
c h e m i c a l  s h i f t  ( / p p m ) 0 %
( / p p m ) %  N - S i *C 2 C 3 C 4 C 5 C 6
5 0 1 6 7 . 0 1 2 3 . 7 1 3 7 . 1 1 2 4 . 7 1 4 0 . 7 5 . 2 7 6
4 0 1 6 7 . 1 1 2 3 . 7 1 3 7 . 2 1 2 4 . 7 1 4 0 . 7 5 . 8 7 7
3 0 1 6 7 . 1 1 2 3 . 7 1 3 7 . 2 1 2 4 . 7 1 4 0 . 6 6 . 7 7 7
20 1 6 7 . 2 1 2 3 . 7 1 3 7 . 3 1 2 4 . 6 1 4 0 . 5 7 . 6 7 7
10 1 6 7 . 2 1 2 3 . 8 1 3 7 . 4 1 2 4 . 6 1 4 0 . 5 9 . 1 7 8
0 1 6 7 . 3 1 2 3 . 8 1 3 7 . 4 1 2 4 . 6 1 4 0 . 5 1 0 . 5 7 8
-1 0 1 6 7 . 3 1 2 3 . 8 1 3 7 . 5 1 2 4 . 5 1 4 0 . 4 1 1 . 9 7 7
-20 1 6 7 . 4 1 2 3 . 8 1 3 7 . 6 1 2 4 . 5 1 4 0 . 4 1 3 . 5 7 8
- 3 0 1 6 7 . 5 1 2 3 . 8 1 3 7 . 7 1 2 4 . 5 1 4 0 . 4 1 5 . 2 7 8
- 4 0 1 6 7 . 5 1 2 3 . 8 1 3 7 . 8 1 2 4 . 4 1 4 0 . 4 1 7 . 1 7 8
- 5 0 1 6 7 . 6 1 2 3 . 8 1 3 7 . 8 1 2 4 . 4 1 4 0 . 4 1 9 . 0 7 8
( *  B a s e d  o n  C 3 ,  C 4 a n d  C 5 d a t a  o n l y )
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Table 3.14
T e m p
rc 5 0 4 0 3 0 20 10 0 -10 -20 - 3 0 - 4 0 - 5 0
6 %
( / p p m ) 5 . 2 5 . 8 6 . 7 7 . 6 9 . 1 1 0 . 5 1 1 . 9 1 3 . 5 1 5 . 2 1 7 . 1 1 9 . 0
%  p e n t a ’ 4 7 4 6 4 5 4 4 4 2 4 0 3 8 3 6 3 4 3 1 2 9
% N - S i 7 6 7 7 7 7 7 7 7 8 7 8 7 7 7 8 7 8 7 8 7 8
3.7.3: 6-Methyl-2-thiopyridone complex (3.28b)
T h e  a n d  N M R  s p e c t r a  o f  a  d e u t e r o c h l o r o f o r m  s o l u t i o n  o f  c o m p l e x  
(3.28b) w e r e  m e a s u r e d  o v e r  t h e  t e m p e r a t u r e  r a n g e  - 5 0 ° C  t o  5 0 “ C  i n  1 0 - 2 0 ° C  i n t e r v a l s .  
T h e  i m p o r t a n t  N M R  d a t a  i s  p r e s e n t e d  i n  T a b l e  3 . 1 5 ,  a l o n g  w i t h  t h e  c a l c u l a t e d  
p e r c e n t a g e  S - S i  b o n d  f o r m a t i o n  a t  e a c h  t e m p e r a t u r e .  F r o m  t h e  ^ ^ S i  N M R  c h e m i c a l  
s h i f t s ,  t h e  p e r c e n t a g e  p e n t a c o o r d i n a t i o n  a t  e a c h  t e m p e r a t u r e  i s  c a l c u l a t e d  ( T a b l e  3 . 1 6 ) .  
Table 3.15
T e m p e r a t u r e
( / T )
c h e m i c a l  s h i ; ' t  ( / p p m ) 0 %
( / p p m ) %  S - S i *C 2 C 3 C 4 C 5 C 6
5 0 1 7 7 . 7 1 3 1 . 2 1 3 3 . 9 1 1 6 . 1 1 4 9 . 5 4 . 2 1 4
4 0 1 7 7 . 3 1 3 1 . 0 1 3 4 . 1 1 1 6 . 2 1 4 9 . 6 2 . 9 1 6
3 0 1 7 6 . 9 1 3 0 . 8 1 3 4 . 3 1 1 6 . 4 1 4 9 . 8 1.6 1 8
20 1 7 6 . 4 1 3 0 . 5 1 3 4 . 6 1 1 6 . 6 1 4 9 . 9 - 0.1 21
0 1 7 5 . 7 1 3 0 . 1 1 3 5 . 0 1 1 7 . 0 1 5 0 . 1 - 4 . 0 2 5
- 1 5 1 7 5 . 1 1 2 9 . 7 1 3 5 . 4 1 1 7 . 2 1 5 0 . 3 - 7 . 7 2 8
- 2 5 1 7 4 . 7 1 2 9 . 5 1 3 5 . 7 1 1 7 . 4 1 5 0 . 5 - 10.6 3 0
- 3 5 1 7 4 . 2 1 2 9 . 1 1 3 6 . 0 1 1 7 . 6 1 5 0 . 6 - 1 3 . 8 3 3
- 5 0 1 7 3 . 3 1 2 8 . 5 1 3 6 . 5 1 1 8 . 0 1 5 1 . 0 - 1 8 . 7 3 8
( *  B a s e d  o n  C 2 ,  C 3 ,  C 4 a n d  C 5 d a t a  o n l y )  
Table 3.16
T e m p ’
( / T )
5 0 4 0 3 0 20 0 - 1 5 - 2 5 - 3 5 - 5 0
0 % i
( / p p m ) 4 . 2 2 . 9 1.6 - 0.1 - 4 . 0 - 7 . 7 - 10.6 - 1 3 . 8 - 1 8 . 7
% p e n t a ’ 3 8 4 0 4 2 4 5 5 1 5 7 6 1 66 7 4
%  S - S i 1 4 1 6 1 8 21 2 5 2 8 3 0 3 3 3 8
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3.7.4: Analysis of the data
C o m p l e x e s  (3.11b) a n d  (3.28b) d i s p l a y  a  m a r k e d  i n c r e a s e  i n  n u c l e o p h i l e - s i l i c o n  
b o n d i n g  a s  t h e  t e m p e r a t u r e  i s  l o w e r e d  ( F i g u r e  3 . 2 6 ) ,  T h i s  i s  i n  l i n e  w i t h  t h e  
o b s e r v a t i o n s  b y  K u m m e r  etal  o f  t h e  s i l y l - p y r i d o n e  c o m p l e x  (2.12b).
Figure 3.26
Variation of percentage nucleophile silicon bond formation 
with temperature for complexes (3.11b) and (3.28b).
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(3.20d), b y  c o n t r a s t ,  m a i n t a i n s  a  c o n s t a n t  l e v e l  o f  N - S i  b o n d  f o r m a t i o n .  T h e  
s m a l l  v a r i a t i o n  t h a t  i s  s e e n  i s  w i t h i n  t h e  b o u n d s  o f  e x p e r i m e n t a l  e r r o r .  T h e  p e r c e n t a g e  
p e n t a c o o r d i n a t i o n  o f  (3.20d), h o w e v e r ,  c h a n g e s  c o n s i d e r a b l y  a c r o s s  t h i s  t e m p e r a t u r e  
r a n g e  ( F i g u r e  3 . 2 7 ) .  A s  t h e  p e r c e n t a g e  N - S i  b o n d  i s  g r e a t e r  t h a n  5 0 % ,  a  d e c r e a s e  i n  
t e m p e r a t u r e  i s  e x p e c t e d  t o  b e  a c c o m p a n i e d  b y  a  d e c r e a s e  i n  p e r c e n t a g e  
p e n t a c o o r d i n a t i o n ,  i . e .  t o  r e s e m b l e  a  s t r u c t u r e  w i t h  a  g r e a t e r  d e g r e e  o f  ‘ s u b s t i t u t i o n ’ .  
T h i s  i s  i n d e e d  w h a t  i s  o b s e r v e d .  C o m p l e x  (1.32), w i t h  a  s t r u c t u r e  a t  s i l i c o n  s i m i l a r  t o  
(3.20d), d i s p l a y s  t h e  s a m e  ^ ^ S i  N M R  t e m p e r a t u r e  d e p e n d e n c e . ^ ^ ^  F o r  t h e  ^ ^ S i  c h e m i c a l  
s h i f t  t o  b e  a f f e c t e d  b y  t e m p e r a t u r e  a n d  t h e  p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  n o t  t o  b e ,  
t h e  d e g r e e  o f  S i - l e a v i n g  g r o u p  b o n d  f o r m a t i o n  m u s t  b e  t h a t  w h i c h  i s  c h a n g i n g  w i t h  
t e m p e r a t u r e .  A t  l o w e r  t e m p e r a t u r e s  t h e  p e r c e n t a g e  S i - l e a v i n g  g r o u p  b o n d  f o r m a t i o n  i s  
l o w e r  a n d  s o  t h e  s i l i c o n  i s  l e s s  p e n t a c o o r d i n a t e .
C o m p l e x e s  (3.11b) a n d  (3.28b) m a i n t a i n  s t r u c t u r e s  w i t h  l e s s  t h a n  5 0 %  
n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n .  A t  l o w e r  t e m p e r a t u r e s  b o t h  c o m p o u n d s  s h o w  
h i g h e r  e x t e n t s  o f  n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n .  T h e r e f o r e  w e  e x p e c t  ( a n d  
o b s e r v e )  a n  i n c r e a s e  i n  p e r c e n t a g e  p e n t a c o o r d i n a t i o n  a s  t h e  t e m p e r a t u r e  i s  l o w e r e d .
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Figure 3.27
A comparison of the effect of temperature on the coordination 
state of the silicon for complexes (3.11b), (3.20d) and (3.28b).
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T h e  f l a t t e n i n g - o u t  o f  t h e  p l o t  f o r  (3.11b) a t  l o w e r  t e m p e r a t u r e s  o c c u r s  a s  t h e  
p e r c e n t a g e  n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n  a p p r o a c h e s  5 0 %  a s  s h o w n  i n  
F i g u r e  3 . 2 8 .  A t  t h e  s a m e  t i m e ,  t h e  s t r u c t u r e  i s  a p p r o a c h i n g  1 0 0 %  p e n t a c o o r d i n a t i o n  a t  
s i l i c o n .  T h e  f l a t t e n i n g - o f f  o c c u r s  a t  2 9 g i  N M R  c h e m i c a l  s h i f t  v a l u e s  o f  a r o u n d  8  - 3 1  t o  
8  - 3 5 .  T h u s  8  - 3 5  i s  c h o s e n  t o  d e f i n e  1 0 0 %  p e n t a c o o r d i n a t i o n  f o r  t h e  p e r c e n t a g e  
p e n t a c o o r d i n a t i o n  c a l c u l a t i o n s  a b o v e  a n d  i n  S e c t i o n s  3 . 4  a n d  3 . 6 . 4 .
Figure 3.28
A plot of the relationship between percentage N-Si bond formation 
and the coordination of the silicon in complex (3.11b).
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F o l l o w i n g  t h e  h i g h  a n d  l o w  t e m p e r a t u r e  m e a s u r e m e n t s ,  t h e  s o l u t i o n s  w e r e  
r e t u r n e d  t o  r o o m  t e m p e r a t u r e  a n d  t h e  ^ ^ S i  N M R  s p e c t r a  r e - r e c o r d e d .  O n  e a c h  o c c a s i o n  
t h e  r e s o n a n c e  r e v e r t e d  t o  t h e  o r i g i n a l  c h e m i c a l  s h i f t .  T h i s  s h o w s  t h a t  n u c l e o p h i l e - s i l i c o n  
a n d  l e a v i n g  g r o u p - s i l i c o n  b o n d i n g  i s  r e v e r s i b l e  w i t h  t e m p e r a t u r e .
K u m m e r  et al’s v a r i a b l e  t e m p e r a t u r e  s t u d y  ^  o f  p e n t a c o o r d i n a t e  s i l i c o n  f o c u s e d  
o n  t h e  c o m p l e x  (2.12b). I t s  s t r u c t u r e  i s  c e n t r e d  o n  t h e  f u l l y  p e n t a c o o r d i n a t e  
i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e  o f  t h e  ‘ r e a c t i o n ’ .  T h e y  t h e r e f o r e  w e r e  a b l e  t o  o b s e r v e  t h e  
r e v e r s a l  o f  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  ^ ^ S i  c h e m i c a l  s h i f t  a c r o s s  t h e  t e m p e r a t u r e  
r a n g e  1 0 0 ° C  t o  - 5 0 ° C  ( F i g u r e  2 . 6  i n  C h a p t e r  2 ) .  T h e y  a l s o  p e r f o r m e d  a  s i m i l a r  
e x p e r i m e n t  o n  t h e  b r o m i d e  a n a l o g u e  (2.12a). U s i n g  a n d  ^ ^ S i  V T  d a t a  f o r  (2.12a) 
a n d  ( 2 . 1 2 b ) l l 5  a n d  c h e m i c a l  s h i f t s  f o r  c o m p o u n d s  ( 2 . 1 0 )  a n d  ( 2 . 1 1 ) , ^ 4 9  ^ e  h a v e  
c a l c u l a t e d  p e r c e n t a g e  p e n t a c o o r d i n a t i o n  a n d  p e r c e n t a g e  0 - S i  b o n d  f o r m a t i o n  v a l u e s  f o r  
(2.12b) a t  1 0 0 ,  2 5  a n d  - 5 0 ° C  a n d  (2.12a) a t  8 0 ,  2 5  a n d  - 6 0 ° C  ( T a b l e  3 . 1 7 ) .  I t  i s  a p p a r e n t  
t h a t  d i f f e r e n c e s  o c c u r  i n  t h e  r o o m  t e m p e r a t u r e  a n d  ^ ^ S i  N M R  c h e m i c a l  s h i f t s  o f  
K u m m e r  et al  a n d  t h o s e  r e p o r t e d  b y  B o r b a r u a h . ^ ' ^ ^  H o w e v e r ,  t h e  d e v i a t i o n s  a r e  s m a l l  
a n d  l i e  w i t h i n  e x p e r i m e n t a l  e r r o r .
N O
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M e
N " ^ 0
(2.12a) X = Br 
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/  \
M e  M e
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S i - - - - - - - - - -
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Table 3.17
C o m p l e x
T e m p ’
( / ° C ) %  0 - S i  b o n d  f o r m ’ n Ô  2^ S i  ( / p p m ) %  p e n t a c o o r d ’ n
( 2 . 12 a )
8 0 5 5 - 2 7 . 3 8 4
2 5 6 2 - 1 9 . 0 7 4
- 6 0 7 4 - 2.1 5 3
( 2 . 12 b )
100 4 4 - 3 5 . 2 9 3
2 5 4 5 - 3 9 . 0 9 9
- 5 0 4 8 - 3 7 . 5 9 6
no-
O v e r  t h e  t e m p e r a t u r e  r a n g e  s t u d i e d  i t  h a s  b e e n  o n l y  p o s s i b l e  t o  o b s e r v e  l i m i t e d  
c h a n g e s  t o  t h e  d e g r e e  o f  s u b s t i t u t i o n  i n  e a c h  c o m p l e x .  F o r  e x a m p l e ,  (3.11b) i n c r e a s e s  
i t s  p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  o n l y  1 4 %  b e t w e e n  5 0 ° C  a n d  - 5 0 ° C .  T h e r e f o r e ,  
i n s t e a d  o f  o b t a i n i n g  r e p r e s e n t a t i v e  s t r u c t u r e s  f r o m  a c r o s s  t h e  c o m p l e t e  ‘ r e a c t i o n  
c o o r d i n a t e ’ ,  v a r i a b l e  t e m p e r a t u r e  s t u d i e s  f o c u s  o n  n a r r o w  windows  i n  w h i c h  s e r i e s  o f  
c l o s e l y  r e l a t e d  s t r u c t u r e s  a r e  o b s e r v e d .  I t  i s  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  o f  t h e  
‘ n u c l e o p h i l e ’  a n d  ‘ l e a v i n g  g r o u p ’  w h i c h  c o n t r o l  t h e  p o s i t i o n  a n d  s i z e  o f  t h e  w i n d o w  
o v e r  a  g i v e n  t e m p e r a t u r e  r a n g e .  T h e r e f o r e ,  s u b s t i t u t i o n  a t  s i l i c o n  m a y  b e  m a p p e d  b y  
c o l l e c t i n g  v a r i a b l e  t e m p e r a t u r e  N M R  d a t a  f o r  s e v e r a l  r e l a t e d  c o m p l e x e s ,  e a c h  h a v i n g  a n  
a p p r e c i a b l y  d i f f e r e n t  i s o t h e r m i c  s t r u c t u r e .
T o  m a p  a  g e n e r a l  s u b s t i t u t i o n  b y  V T  N M R  s p e c t r o s c o p y ,  p e r c e n t a g e  
n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n  a n d  p e r c e n t a g e  p e n t a c o o r d i n a t i o n  d a t a  f o r  
c o m p l e x e s  (2.12a), (2.12b), (3.11b), (3.20d) a n d  (3.28b) a r e  p l o t t e d  o n  a  s i n g l e  g r a p h  
( F i g u r e  3 . 2 9 ) .  T h e  p l o t  i s  s i m i l a r  a n d  c h a r a c t e r i s t i c  i n  o u t l i n e  t o  t h a t  o f  F i g u r e  3 . 2 4 .  
Figure 3.29
A plot showing the relationship between percentage pentacoordination 
and percentage nucleophile-silicon bond formation for complexes 
analysed by variable temperature, multi-nuclear NMR spectroscopy.
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P e r c e n t a g e  n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n
W e  h a v e  n o t  b e e n  a b l e  t o  e x p l a i n  t h e  r e a s o n  f o r  t h e  a n o m a l o u s  b e h a v i o u r  o f  
(3.20d), w h o s e  p e r c e n t a g e  N - S i  b o n d  f o r m a t i o n  r e m a i n s  e s s e n t i a l l y  c o n s t a n t  w i t h  
t e m p e r a t u r e .
- I l l
T h e  c o m p l e x e s  t h u s  f a r  h a v e  b e e n  c o n s i d e r e d  a s  s i n g l e  s t r u c t u r e s  w h i c h  c h a n g e  
r e v e r s i b l y  i n t o  e a c h  o t h e r  b y  c h a n g i n g  t h e  t e m p e r a t u r e .  H o w e v e r ,  a n o t h e r  i n t e r p r e t a t i o n  
b a s e d  o n  e q u i l i b r i a  c a n  b e  e n v i s a g e d .  I n  t h i s  c a s e ,  f a s t  e q u i l i b r i a  o c c u r  a s  s h o w n  f o r  
(3.11b) i n  F i g u r e  3 . 3 0 ,  b e t w e e n  ‘ u n s u b s t i t u t e d ’  (A), f u l l y  p e n t a c o o r d i n a t e  (B) a n d  f u l l y  
‘ s u b s t i t u t e d ’  ( C )  s t r u c t u r e s .
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f u l l y  p e n t a c o o r d i n a t e  
C h a n g i n g  t h e  t e m p e r a t u r e  t h u s  c h a n g e s  t h e  p o s i t i o n  o f  e a c h  e q u i l i b r i u m ,  w i t h  a n  
a v e r a g e ,  s i n g l e  s e t  o f  N M R  r e s o n a n c e s  b e i n g  o b s e r v e d  a t  a n y  g i v e n  t e m p e r a t u r e .  T h e  
p r e v i o u s l y  d e s c r i b e d  c o n d u c t i v i t y  m e a s u r e m e n t s  o f  h y p e r v a l e n t  c o m p l e x e s  ( C h a p t e r  2 ,  
p a g e  4 8 ) 1 14 h o w e v e r  h a s  s h o w n  t h a t  t h e  s t r u c t u r e s  e x i s t  i n  i s o l a t i o n  i n  s o l u t i o n  r a t h e r  
t h a n  a s  a n  e q u i l i b r i u m  m i x t u r e .
3.8: A novel hexacoordinate thiopyridine complex
T h e  r e a c t i o n  o f  (3.10) w i t h  d i c h l o r o ( d i c h l o r o m e t h y l ) m e t h y l s i l a n e  g i v e s  o n l y  a  
s i n g l e  i s o l a b l e  p r o d u c t ,  (3.42), i f  r e a c t e d  i n  t h e  r a t i o  3 : 1 .  A  s i n g l e  s h a r p  6  ^ ^ S i  
r e s o n a n c e  o f  Ô  - 1 0 4 . 2  p p m  i n d i c a t e s  a  h e x a c o o r d i n a t e  s i l i c o n  c e n t r e  a n d  t h e  l ^ C  N M R  
s p e c t r u m  i n  t h e  a r o m a t i c  r e g i o n  s h o w s  t w o  s e t s  o f  a r o m a t i c  r i n g  c a r b o n  r e s o n a n c e s  i n  
a n  a p p r o x i m a t e  i n t e n s i t y  r a t i o  o f  2 : 1  ( F i g u r e  3 . 3 1 ) .  T a b l e  3 . 1 8  c o m p a r e s  t h e  l ^ C  
r e s o n a n c e s  o f  t h e  a r o m a t i c  r i n g s  i n  (3.42) w i t h  t h o s e  o f  (3.28b) a n d  (3.11b), w h i c h  a r e  
r e p r e s e n t a t i v e  o f  c o o r d i n a t i n g  2 - t h i o p y r i d o n e  a n d  2 - t h i o p y r i d i n e  l i g a n d s  r e s p e c t i v e l y .
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Table 3.18
Thiopyridine  r i n g  l ^ C  c h e m i c a l  
s h i f t  ( / p p m )
Thiopyridone r i n g  c h e m i c a l  
s h i f t  ( / p p m )
C 2 C 3 C 4 C 5 C 6 C 2 > C 3 > C 4 ’ C 5 ’ C 6 ’
( 3 . 1 ) 1 8 0 . 2 1 3 4 . 4 1 3 8 . 0 1 1 3 . 1 1 3 7 . 7
( 3 . 2 8 b ) 1 7 6 . 4 1 3 0 . 5 1 3 4 . 6 1 1 6 . 6 1 4 9 . 9
( 3 . 1 1 b ) 1 5 9 . 6 1 2 2 . 3 1 3 8 . 6 120.1 1 4 4 . 5
( 3 . 4 2 ) 1 5 8 . 1 1 2 3 . 3 1 4 1 . 4 122.2 1 4 3 . 5 1 7 1 . 8 1 2 6 . 8 1 4 2 . 3 1 1 8 . 9 1 4 5 . 4
F i g u r e  3 . 3 1
Tit
-X)
i . n
/ '
, -un c x n
a . ! v r
L i  ■ T ' - j
| 7
'<r 'J .r - r  
u n o x o
r - -  a j ^ - f
CD C-ry \ l  
OJ OJCU
N o n e  o f  t h e  p e a k s  a r e  
a s s i g n a b l e  t o  ( 3 . 1 ) ,  a  
p o s s i b l e  h y d r o l y s i s  p r o d u c t  
f r o m  ( 3 . 1 0 )  o r  ( 3 . 4 2 ) .  i R - l R  
a n d  i R - l ^ C  C O S Y  s p e c t r a  
w e r e  u s e d  t o  h e l p  a s s i g n  t h e  
p e a k s .  T h e  r e s o n a n c e s  o f  
( 3 . 4 2 )  a r e  g r o u p e d  u n d e r  t h e  
n a m e  th iopyridine  o  r  
thiopyridone  t o  r e f l e c t  t h e  
r i n g s  m o r e  p r e d o m i n a n t  
f o r m .  T h e  thiopyridone  r i n g  
i s  b e t t e r  d e s c r i b e d  a s  h a v i n g  
i n t e r m e d i a t e  c h a r a c t e r  
b e t w e e n  ‘ - i n e ’  a n d  ‘ - o n e ’
T —  t a u t o m e r s .  T h e  r a t i o  o f
I thiopyridine  c a r b o n s  t o
thiopyridone  c a r b o n s  i s  2:1
■■T
• V :  o n  t h e  b a s i s  o f  t h e  r e l a t i v e
1 3 c  N M R  p e a k  i n t e n s i t i e s .  A  
s i n g l e  t e r t i a r y  c a r b o n  a t  
5  3 5 . 4  i s  a l s o  f o u n d .
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N  S i
y  Me^ C l
4 '
( 3 . 4 2 )
5 '
T h e  m o s t  p r o b a b l e  s t r u c t u r e  f o r  ( 3 . 4 2 ) ,  o n  t h e  
b a s i s  o f  t h e  N M R  i n f o r m a t i o n ,  i s  s h o w n  h e r e .  I t  
c o n s i s t s  o f  a  s i l i c o n  w i t h  t w o  i n t r a m o l e c u l a r l y  
c o o r d i n a t i n g  thiopyridine  r i n g s .  T h e r e  i s  a l s o  a  
c o n v e n t i o n a l ,  c o v a l e n t l y  b o n d e d  t h i r d  
thiopyridone  r i n g  a t t a c h e d  t o  t h e  s i l i c o n ,  p r o b a b l y  
b o u n d  t h r o u g h  n i t r o g e n .  H o w e v e r ,  f r o m  t h e  
i n t e r m e d i a c y  o f  t h e  * ^ C  d a t a  f o r  t h e  thiopyridone 
r i n g  b e t w e e n  t h e  ‘ - i n e ’  a n d  ‘ - o n e ’  f o r m s ,  w e  c a n n o t  r u l e  o u t  t h e  a l t e r n a t i v e  S - S i  b i n d i n g  
m o d e .  F u r t h e r  e v i d e n c e  f o r  t h e  s t r u c t u r e  o f  ( 3 . 4 2 )  c o m e s  f r o m  i t s  h y d r o l y s i s .  T h i s  y i e l d s  
t h e  d e s i l y l a t e d  b i s - t h i o p y r i d i n e  f r a g m e n t  ( 3 . 4 3 )  ( F i g u r e  3 . 3 2 ) .
Figure 3 . 3 2  \
( 3 . 4 2 )
2:1  a c e t o n e / w a t e r
1 6  h o u r s
( 3 . 4 3 )  ^
B y  c o n t r a s t ,  t h e  r e a c t i o n  o f  a  2  -  t r i m e t h y  1  s i  l o x y  p y r i d i n e  a n d  
d i c h l o r o ( d i c h l o r o m e t h y l ) - m e t h y l s i l a n e  o c c u r s  i n  a  2:1  r a t i o  a n d  g i v e s  a  d i c h l o r o -  
s u b s t i t u t e d  h e x a c o o r d i n a t e  c o m p l e x  ( 3 . 4 4 )  ( F i g u r e  3 . 3 3 ) .
Figure 3 . 3 3
^  ^  +  C l 2C H S i M e C l 2-
N ' ^ ^ ^ O S i M e ,  
R  =  6 - M e ,  H ,  3 - O M e
R
%
N - N
❖
R
0 - « -  S i - « - 0  , / | \
M e  ( 3 . 4 4 )
W h e n  R =  6 - M e  o r  H ,  a  s i n g l e  s e t  o f  ^ ^ C  N M R  c h e m i c a l  s h i f t s  a n d  a  s i n g l e  ^ ^ S i  
s h i f t  a r e  o b s e r v e d .  W h e n  R  =  3 - O M e ,  t w o  s e t s  o f  p e a k s  a r e  o b s e r v e d  i n  t h e  N M R  
s p e c t r a  c o r r e s p o n d i n g  t o  t w o  i s o m e r s  o f  t h e  c o m p l e x .  H e x a c o o r d i n a t e  s i l i c o n  i s  
c h a r a c t e r i s e d  b y  2 9 s i  c h e m i c a l  s h i f t s  i n  t h e  r a n g e  Ô  - 1 2 0 . 4  t o  - 1 2 8 . 5 .
A  t h i o p y r i d o n e  a n a l o g u e  o f  ( 3 . 4 4 ) ,  ( 3 . 4 5 ) ,  i s  
p r e s u m a b l y  a n  i n t e r m e d i a t e  i n  t h e  f o r m a t i o n  o f  
( 3 . 4 2 ) ;  ( 3 . 4 5 )  r e a c t i n g  w i t h  a  t h i r d  e q u i v a l e n t  o f  
( 3 . 1 0 )  t o  f o r m  t h e  f i n a l  p r o d u c t .
/ ( >N  S i
y  Cl /
\ N
C l
Me
(3.45)
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Chapter 4: 5-Coordinate complexes stabilised by maltol 
based ligands.
4.1: Introduction
T h e  b i d e n t a t e  l i g a n d  3 - h y d r o x y - 2 - m e t h y l - 4 - p y r o n e  (4.1) ( m a l t o l )  i s  a  n a t u r a l  
p r o d u c t  a n d  w a s  f i r s t  i s o l a t e d  f r o m  l a r c h  b a r k .  I t  i s  a  p e r m i t t e d  f o o d  a d d i t i v e  ( E 6 3 6 )  a n d  i s  
w i d e l y  u s e d  i n  t h e  b a k i n g  i n d u s t r y .
. 0 .  Mq H O C H 2 O.
O (4.3) O (4.4)
O H  Y  O H
O  (4.1) O  (4.2)
M a l t o l  a n d  s t r u c t u r a l l y  s i m i l a r  5 - h y d r o x y - 2 - ( h y d r o x y m e t h y l ) - 4 - p y r o n e  ( k o j i c  a c i d )  
(4.2), w h i c h  i s  a l s o  n a t u r a l l y  o c c u r r i n g ,  a r e  t h o u g h t  t o  b e  i m p o r t a n t  c h e l a t e s  i n  n a t u r e .  
(4.1) a n d  i t s  4 - p y r i d o n e  a n a l o g u e s  (4.3) h a v e  b e c o m e  a t t r a c t i v e  l i g a n d s  i n  t h e  m e d i c a l  
f i e l d ,  f o r  e x a m p l e ,  a s  a  m e a n s  o f  c o n t r o l l i n g  m e t a l  i o n  c o n c e n t r a t i o n s  i n  t h e  h u m a n  b o d y  
a n d  f o r  t h e  i n t r o d u c t i o n  o f  a p p r o p r i a t e  i s o t o p e s  f o r  d i a g n o s i s .  I t  i s  a l s o  o f  i n t e r e s t  t o  n o t e  
t h e  s i m i l a r i t y  o f  (4.1), (4.2) a n d  (4.3) t o  t h a t  o f  t r o p o l o n e  (4.4).
I n  p r a c t i c e  t h e  4 - p y r i d o n e  l i g a n d s  h a v e  p r o v e d  m o r e  s u i t a b l e  t o  p r a c t i c a l  
a p p l i c a t i o n s  s i n c e  t h e y  f o r m  t h e  s i g n i f i c a n t l y  m o r e  s t a b l e  c o m p l e x e s  a n d  t w o  v a r i a b l e  
g r o u p s ,  R  a n d  R ' ,  m a y  b e  t a i l o r e d  f o r  a  p a r t i c u l a r  a p p l i c a t i o n .  A l t h o u g h  t h e  e m p h a s i s  i n  
t h i s  c h a p t e r  i s  t o  h i g h l i g h t  t h e  c h e m i s t r y  o f  t h e s e  l i g a n d s ,  i t  i s  t h e i r  p o t e n t i a l  b i o l o g i c a l  
a n d  p h y s i o l o g i c a l  a p p l i c a t i o n s  t h a t  h a v e  b e e n  t h e  d r i v i n g  f o r c e  f o r  t h e i r  i n v e s t i g a t i o n .
T h e  c r y s t a l  s t r u c t u r e  o f  e t h y l  m a l t o l  (4.5) h a s  r e c e n t l y  b e e n  c o m p a r e d  w i t h  t h a t  
o f  m a l t o l  h y d r o c h l o r i d e  (4.6) ( F i g u r e  4 . 1) .  1 5 1  P r o t o n a t i o n  o f  t h e  c a r b o n y l - o x y g e n  c a u s e s  
Figure 4.1
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t h e  C = 0  b o n d  t o  l e n g t h e n  b y  a n  a v e r a g e  o f  0 . 0 2 Â ,  t h e  r i n g  C = C  b o n d s  t o  l e n g t h e n  b y  a n  
a v e r a g e  o f  0 . 0 2 Â  a n d  t h e  r i n g  C - C  b o n d s  t o  s h o r t e n  b y  a n  a v e r a g e  o f  0 . 0 2 - 0 . 0 3 Â .  T h i s  i s  
c o n s i s t e n t  w i t h  i n c r e a s e d  c o n t r i b u t i o n  f r o m  t h e  r e s o n a n c e  f o r m s  X a n d  Y o f  (4.6).
4.1.1: Tris(chelate) complexes
T o  d a t e  i t  h a s  b e e n  t h e  t r i s - c o m p l e x e s  w h i c h  h a v e  p r o v e d  t o  h a v e  t h e  greatest 
a p p l i c a t i o n s .  F o r  e x a m p l e ,  i r o n  (III) c o m p l e x e s  o f  (4.3) a r e  u s e d  f o r  t h e  t r e a t m e n t  o f  
a n a e m i a  a n d  c o m p l e x e s  o f  l i g a n d  t y p e  (4.3) u s e d  t o  c o n t r o l  a l u m i n i u m  l e v e l s  i n  w a t e r  
s u p p l i e s .  T h e s e  c o m p o u n d s  a r e  m o d e l s  o f  i o n  t r a n s p o r t  c o m p l e x e s  f o u n d  i n  n a t u r e .
M u c h  o f  t h e  e a r l y  w o r k  w h i c h  e s t a b l i s h e d  t h e  v e r s a t i l i t y  o f  t h e s e  
N  M e  l i g a n d s  t o  c o m p l e x  a  w i d e  v a r i e t y  o f  m e t a l  i o n s  w a s  c a r r i e d  o u t  b y  
H e r a k  a n d  T a m h i n a .  T h e y  f o c u s e d  o n  t h e  a b i l i t y  o f  3 - h y d r o x y - 2 -  
O H  m e t h y l - l - p h e n y l - 4 - p y r i d o n e ,  (4.7), t o  c o m p l e x  m e t a l  i o n s  f r o m  
^  (4.7) a q u e o u s  s o l u t i o n s  o v e r  a  r a n g e  o f  p H ' s .  A  t y p i c a l  e x p e r i m e n t  i n v o l v e d
t h e  m e c h a n i c a l  s h a k i n g  o f  a  s t a n d a r d i s e d  a q u e o u s  s o l u t i o n  o f  t h e  m e t a l  
i o n  a t  a  p r e c i s e l y  k n o w n  p H  w i t h  a  c h l o r o f o r m  s o l u t i o n  c o n t a i n i n g  t h e  l i g a n d  i n  e x c e s s ,  
f o r  a  f i x e d  t i m e .  T h e  o r g a n i c  p h a s e  w o u l d  t h e n  b e  s e p a r a t e d  a n d  t h e  e x t e n t  o f  m e t a l  i o n  
e x t r a c t i o n  i n t o  t h e  o r g a n i c  p h a s e  ( i . e .  p e r c e n t a g e  c o m p l e x a t i o n )  c a l c u l a t e d  f r o m  t h e  U V  
a b s o r p t i o n  o f  t h e  a q u e o u s  s o l u t i o n  b e f o r e  a n d  a f t e r  m i x i n g .  A  w i d e  v a r i e t y  o f  m e t a l s  h a v e  
b e e n  s h o w n  t o  b e  e x t r a c t e d  b y  (4.7) i n c l u d i n g  i r o n  ( I I I ) , ^ ^ ^  m o l y b d e n u m  ( I V ) , 1 ^ 3  g a l l i u m  
( I I I ) , ^ 5 4  v a n a d i u m  ( V ) , ^ ^ ^  n i o b i u m  ( V ) , 1 5 6  t i t a n i u m  ( I V ) , ^ 5 7  h a f n i u m  ( I V ) , a n d  i n d i u m
( I I I ) .  1 5 9
T h e  s e l e c t i v e  e x t r a c t i o n  o f  m e t a l  i o n s  f r o m  m i x t u r e s  i s  p o s s i b l e ,  s i n c e  d i f f e r e n t  
m e t a l  c o m p l e x e s  a r e  s t a b l e  o v e r  d i f f e r e n t  p H  r a n g e s .  T h u s ,  b y  c a r e f u l  c h o i c e  o f  p H ,  
q u a n t i t a t i v e  s e p a r a t i o n  o f  a  p a r t i c u l a r  m e t a l  i o n  i s  p o s s i b l e .  F o r  e x a m p l e ,  t h o r i u m  ( I V )  a n d  
p r o t a c t i n i u m  ( V )  c a n  b e  s e p a r a t e d  i n  a q u e o u s  h y d r o c h l o r i c  a c i d  ( F i g u r e  4 . 2 ) . 1^ ^  T h o r i u m
( I V )  c a n  b e  e x t r a c t e d  q u a n t i t a t i v e l y  a t  p H ' s  >  4 .  H o w e v e r ,  i f  t h e  p H  i s  m a i n t a i n e d  i n  t h e  
^  r e g i o n  0 . 0 - 0 . 5  t h e n  p r o t a c t i n i u m  ( V )  i s  e x t r a c t e d  q u a l i t a t i v e l y .  A
s i m i l a r  m e t h o d o l o g y  w a s  a p p l i e d  t o  t h e  s e p a r a t i o n  o f  z i n c  ( I I )  a n d  
Q j q  c o p p e r  ( I I )  i o n s .  1 ^ 1  T h e  l i g a n d  3 - h y d r o x y - 2 - m e t h y l - 4 - t h i o p y r o n e ,
S  ^4 (4.8), h a s  a l s o  b e e n  u s e d  t o  e x t r a c t  m e t a l  i o n s ,  b u t  s o  f a r ,  t o  a  m o r e
l i m i t e d  e x t e n t .  1^2
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Figure 4.2
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A plot of percentage extraction against log [H^] for T horium  (IV) (squares) 
and Protactinium  (V) (crosses) in aqueous hydrochloric acid by (4.7).
M e
M
R  =  H ,  C H 3 ,  O C H 3 ,  N O 2 
M  =  A l ,  G a ,  I n
(4.9)
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thermal el lipsoids are shown for the non-hydrogen atoms.
iive
R e c e n t  w o r k  h a s  p l a c e d  m o r e  e m p h a s i s  o n  t h e  
s t r u c t u r e s  o f  t h e  c o m p l e x e s  t h e m s e l v e s .  O r v i g  
a n d  c o - w o r k e r s  h a v e  i s o l a t e d ,  a n d  i n  s o m e  
c a s e s  h a v e  o b t a i n e d  c r y s t a l  s t r u c t u r e s  o f  a  
v a r i e t y  o f  n e u t r a l  t r i s ( l - a r y l - 3 - h y d r o x y - 2 -  
m e t h y l - 4 - p y r i d o n a t o ) m e t a l  ( I I I )  c o m p l e x e s  (4.9). 
T h e  c o m p l e x e s  a r e  s t a b l e  t o  >  2 0 0 ° C  a n d  e i t h e r  
s p a r i n g l y  w a t e r - s o l u b l e  o r  i n s o l u b l e .  
S i n c e  t h e y  a r e  v e r y  h y g r o s c o p i c ,  t h e y  
w e r e  i s o l a t e d  a s  r e p r o d u c i b l y  
a n a l y s a b l e  h y d r a t e s .  T h e  c r y s t a l  
s t r u c t u r e  o f  t h e  g a l l i u m  complex, (4.9) 
( R  =  M e )  ( F i g u r e  4 . 3 ) ,  s h o w s  t h e  
m e t a l  t o  b e  i n  a n  o c t a h e d r a l  
e n v i r o n m e n t  w i t h  t h r e e  trans
0 (carbonyl)-Ga-0 m o i c t i c s  w i t h  d i a x i a l
b o n d  a n g l e s  o f  1 7 1 . 6 ° .  T h e  
s t r u c t u r a l l y  s i m i l a r  a l u m i n i u m  
( t r i s ) m a l t o l a t e  c o m p l e x  h a s  a l s o  b e e n  
r e p o r t e d .
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A n o t h e r  p a i r  o f  n e u t r a l  M  ( I I I )  c o m p l e x e s  a r e  t h e  i r o n  ( I I I )  t r i s ( m a l t o l a t e )  c o m p l e x  
(4.10) ( R  =  M e ) , 1 6 5  a n d  i t s  e t h y l m a l t o l  a n a l o g u e  (4.11) ( R  =  E t ) .  1 6 6  A l t h o u g h ,  g e n e r a l l y  
l e s s  w e l l  s t u d i e d  t h a n  m a l t o l a t e s  a n d  4 - p y r i d o n a t e s ,  s e v e r a l  t r i s - k o j a t e  c o m p l e x e s  h a v e  
b e e n  p r e p a r e d ,  s u c h  a s  i r o n  ( I I I )  t r i s ( k o j a t e )  ( 4 . 12 ) .  1 6 7
HOCH2
F e .  3 H 2O
(4.10) R  =  M e
(4.11) R  =  E t
(4.12)
C h a r g e d ,  w a t e r - s o l u b l e  c o m p l e x e s  h a v e  a l s o  b e e n  s y n t h e s i s e d .  F o r  e x a m p l e ,  i t  h a s  
l o n g  b e e n  s u g g e s t e d  t h a t  t h e  s i l i c o n  t r i s ( c a t e c h o l a t e )  d i a n i o n ,  ( 1 . 5 3 ) ,  m a y  a c t  a s  a  
s o l u b l i s i n g  t r a n s p o r t e r  o f  s i l i c o n  i n  n a t u r e .  T h i s  c o m p o u n d  a n d  d e r i v a t i v e s  o f  i t  h a v e  b e e n  
p r e p a r e d  b y  s e v e r a l  g r o u p s . 6 7  s i l i c o n  c o m p l e x e s  ( 4 . 1 3 ) 1 6 8  g f  l i g a n d  ( 4 . 3 )  ( R  =  M e )  
h a v e  b e e n  p r e p a r e d  b y  t h e  f o l l o w i n g  r o u t e  ( F i g u r e  4 . 4 ) .
F i g u r e  4 . 4
M e
H X
M e
3
O H
R .
N '
O
G y
S i
+
X
(4.13)
( R  =  H ,  M e ,  F t .  X  =  H S O / ,  C f ,  " O S O 2C F 3,  C F 3C O 2" )
T h e  n o n - e q u i v a l e n c e  o f  t h e  t w o  o x y g e n s  o n  e a c h  l i g a n d  g i v e s  r i s e  t o  a  m i x t u r e  o f  
m e r i d o n a l  a n d  f a c i a l  i s o m e r s  i n  t h e  s o l i d  s t a t e .  W h e n  d i s s o l v e d  i n  D M S G ,  t h e  
i n t e r c o n v e r s i o n  o f  t h e s e  i s o m e r s  t o  a n  e v e n t u a l  s t a t i s t i c a l  d i s t r i b u t i o n  c a n  b e  o b s e r v e d  
o v e r  t i m e  ( F i g u r e  4 . 5 ) .
+
X
A  n u m b e r  o f  t i n  a n a l o g u e s  (4.14)169 o f  t h e s e  
c o m p l e x e s  h a v e  b e e n  p r e p a r e d  f r o m  a  h o t
(4.14)
R  =  H ,  M e ,  F t  a q u e o u s  m e d i u m  o f  t e t r a h a l o t i n  a n d  t h e  
X  C l ,  B r ,  I  a p p r o p r i a t e  f r e e  l i g a n d  t o  g i v e  t h e  h y d r a t e .
T h e  1 1 9 g n  N M R  c h e m i c a l  s h i f t s  i n  D M S G
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a r e  i n  t h e  r a n g e  5  - 4 5 0  t o  6  - 4 6 0 ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  h e x a c o o r d i n a t e  t i n  s p e c i e s  i n  
s o l u t i o n .
Figure 4.5
J
(b )
'11 N M K u r2 - M c n :s < > n iin c c j in |S i(d n ip ) , ) ’ |C I | (27U M H z , D M S O - J J ;  ( i )  r e c ry iu l l iz e d  f ro m  c h lo ro ro rm  ~  5 m in s  « f te r  d is io lu l io n  ; (b )  ic c ry s ia lliz zd  
f ro m  c lh a n o l/o ih c r  ~  5 m in»  a fte r  d iu u lu l io n  ; (c) so lu t io n  (a)  a f te r  2 d aya  a t ro o m  te m p e ra tu re .
T o  d a t e  t h e  t r i s ( m a l t o l a t o ) t i n  ( I V )  c a t i o n  h a s  n o t  b e e n  r e p o r t e d ,  h o w e v e r  t h e  n e u t r a l  
s e v e n - c o o r d i n a t e  b u t y l t i n  t r i s ( m a l t o l a t e )  (4.15) ( F i g u r e  4 . 6 )  h a s  b e e n  i s o l a t e d .
Figure 4.6
3
M e
O H
+  B u S n ( 0 ) 0 H
M e
B e n z e n e
S n ~  B u35°C
6  h o u r s
4.1.2: Bis(chelate) complexes
G u p t a  et  h a v e  r e p o r t e d  t h e  s y n t h e s i s  o f  a  v a r i e t y  o f  f i v e  a n d  s i x  c o o r d i n a t e  
( m a l t o l a t o ) t i n  c o m p l e x e s  (4.16)-(4.20) ( F i g u r e  4 . 7 ) .
Figure 4.7
R ,  S n C l 4_ n  +  ( 4 - n ) N a L  
( L H  =  m a l t o l )
P h g  SnCl 4-  2 L H
P h S n C l g  - k  2 L H
CH2C12 Rj^  SnL^ .j^
4  hours (4.16) R =  Me, n =  2
(4.17) R =  Bu, n =  2
N a O A c
(4.18) R =  Bu, n = 3
- - - - - - - - - - - - ► Ph2 SnL2
CH2CI2 4  hours (4.19)
Benzene
----------► Cl2SnL2
A, 3 hours (4.20)
- 1 1 9 -
T h e  b i s ( k o j a t e )  c o m p l e x  (4.21), f i r s t  r e p o r t e d  b y  O t e r a  et  h a s  a  s i m i l a r
s t r u c t u r e  t o  (4.19) a n d  (4.20).
Me Me 
O  S n  O
HOCH2 (4.21) CH2OH
B u r g e s s  a n d  P a r s o n s h a v e  p r e p a r e d  t h e  b i s ( e t h y l m a l t o l a t o )  t i n  a n a l o g u e  (4.22) 
a n d  t h r e e  4 - p y r i d o n e  a n a l o g u e s  (4.23)-(4.25).
O  R ’ N
(4.23) R  = R ’  =  M e
(4.24) R  =  E t ,  R '  = M e
(4.25) R  =  R '  =  E t
S i t r a n  et  h a v e  c o n t r a s t e d  t h e  r e a c t i o n s  o f  M C I 4 ( M  =  S n ,  G e )  w i t h  e x c e s s  f r e e  
m a l t o l  i n  b e n z e n e  a n d  m e t h a n o l .  T h e  s o l v e n t  i s  f o u n d  t o  p l a y  a  v i t a l  r o l e  i n  t h e  
s t o i c h i o m e t r y  o f  t h e  p r o d u c t  ( F i g u r e  4 . 8 ) .  T h e y  a l s o  h a v e  s h o w n  t h a t  t i n  ( I I )  c h l o r i d e  
r e a c t s  w i t h  p o t a s s i u m  m a l t o l a t e  t o  p r o d u c e  b i s ( m a I t o l a t o ) t i n  ( I I )  q u a n t i t a t i v e l y .
Figure 4.8
I  :  B e n z e n e  ( d r y )
M C I 4 +  L H  ( e x c e s s )  - - - - - - - - - - - - - - - - - - ►  M ( L H )4  C I 4
2 :  D r y ,  v a c u u m  2 5 )
M C I 4 +  L H  ( e x c e s s )  ►  M ( L )2  C l ;
(4.27)
( M  =  S n ,  G e ;  L H  =  m a l t o l )
E l e c t r o c h e m i c a l  s y n t h e s i s  u s i n g  a  s a c r i f i c i a l
M c 2 N  J 4 M c 2 m e t a l l i c  a n o d e  ( M  =  Z n ,  C d ,  C u ,  S n ,  I n )  a n d  a n
O  M  O  M e  a c e t o n i t r i l e  s o l u t i o n  o f  m a l t o l  ( L H ) ,  h a s
a l l o w e d  t h e  p r e p a r a t i o n  o f  c o m p l e x e s  M ( L )2 
( M  =  Z n ,  S n ,  C d ,  C u )  a n d  I n ( L ) 3 . l ’74 F u r t h e r  
r e a c t i o n  o f  t h e  m a l t o l a t e  c o m p l e x e s  M ( L )2
( M =  Z n ,  C d ,  S n )  
(4.28)
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( M  =  Z n ,  C d  a n d  S n )  w i t h  N , N , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e  y i e l d s  t h e
h e x a c o o r d i n a t e  c o m p l e x e s  (4.28).
T h e  l i g a n d  3 - h y d r o x y f l a v o n e ,  (4.29), b e a r s  a  s t r o n g  r e s e m b l a n c e  t o  m a l t o l  a n d  h a s
b e e n  s h o w n  t o  b e  a s  g o o d  a  c h e l a t e  t o  t i n  a s  m a l t o l  i t s e l f .  F o r  e x a m p l e ,  b i s ( f l a v o n a t o )
c o m p l e x e s ,  (4.30), c o n t a i n i n g  h e x a c o o r d i n a t e  t i n  h a v e  b e e n  p r e p a r e d .  ^
O. .Ph
O
(4.29)
R '  =  R  =  P h ,  M e ,  B u .  
R '  =  M e ,  R  =  C l
(4.30)
4.1.3: Mono(chelate) complexes
D u r i n g  a  s t u d y  o n  t h e  a n t i b a c t e r i a l  e f f e c t s  o f  o r g a n o m e r c u r y  c o m p o u n d s ,  a  n u m b e r  
o f  t r i c o o r d i n a t e  m a l t o l a t o m e r c u r y ,  (4.31), a n d  k o j a t o m e r c u r y ,  (4.32), c o m p l e x e s  
( F i g u r e  4 . 9 )  w e r e  s y n t h e s i s e d .
Figure 4.9
H g C l
+ (4.1)
R
H g C l
O - H gM e
D M F
50°C
6  h o u r s (4.31)
R
+ (4.1)
D M F  
 ►
50°C
6  h o u r s
R
p  — H g
( R  =  M e ,  O M e ,  N O 2 )  H O C H ^
S i t r a n  et  h a v e  p u b l i s h e d  t h e  s y n t h e s e s  o f  a  s e r i e s  o f  d i m e t h y l t i n ,  (4.33) 
( F i g u r e  4 . 1 0 ) ,  a n d  p h e n y l t i n ,  (4.34) ( F i g u r e  4 . 1 1 ) ,  s u b s t i t u t e d  p e n t a c o o r d i n a t e  c o m p l e x e s ,  
s t a b i l i s e d  b y  a  s i n g l e  m a l t o l  l i g a n d ,  f r o m  t h e  a p p r o p r i a t e  d i o r g a n o t i n  d i h a l i d e  a n d  
p o t a s s i u m  m a l t o l a t e .  B l u n d e n  a n d  S m i t h h a v e  p r e p a r e d  s e v e r a l  f l a v o n e  a n a l o g u e s ,
(4.35), b y  r e f l u x i n g  t h e  a p p r o p r i a t e  t i n  h y d r o x i d e  w i t h  a  s t o i c h i o m e t r i c  q u a n t i t y  o f  (4.29) 
( F i g u r e  4 . 1 2 ) .
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Figure 4.10
M e 2 S n X ^
M e
+
O K
O
M e
4  h o u r s
O S n X
M e
i
M e
( 4 . 3 3 )  ( X  =  C l ,  B r )
F i g u r e  4 . 1 1
P h „  S n C l 4. n
M e
O K
O
M e
4  h o u r s
O  ►  S n P h X l
( 4 . 3 4 )  ( n  =  2 ,  3 )
F i g u r e  4 . 1 2
R j S n O H  +  ( 4 . 2 9 )
T o l u e n e  
 ►
1-2  h o u r s  
A
P h
O  ►  S n R
( R  =  B u ,  P h ,  c - C g H i  1 ,  P h M e 2 C C H 2 )
( 4 . 3 5 )
A l t e r n a t i v e l y ,  c o m p l e x e s  ( 4 . 3 6 ) ^ ^ ^  a n d  ( 4 . 3 7 )  ^  " 7 5  ( F i g u r e  4 . 1 3 )  w e r e  p r e p a r e d  a t  
r o o m  t e m p e r a t u r e  i n  m e t h a n o l .  T h e  * ^ ^ S n  N M R  s p e c t r a  o f  t h e  f l a v o n e  c o m p l e x e s  a r e  
c o n s i s t e n t l y  a b o u t  l O O p p m  u p - f i e l d  o f  s h i f t s  f o r  r e l a t e d  t e t r a c o o r d i n a t e  c o m p o u n d s .  T h i s  
i n d i c a t e s  p e n t a c o o r d i n a t e d  t i n  i n  e a c h  c a s e .
F i g u r e  4 . 1 3
R 2 S n X 2 +  ( 4 . 2 9 )
M e O H
1 -2  h o u r s
P h
O — ^  S n —  X
R R
( 4 . 3 6 )  R  =  M e ,  " B u ,  E t ,  " O c t .  X  =  C l ,  B r
( 4 . 3 7 )  R  =  P h ,  X  =  C l
T o  e x t e n d  t h e  N M R  s o l u t i o n  p h a s e  m a p p i n g  o f  n u c l e o p h i l i c  s u b s t i t u t i o n  t o  n e w  
l i g a n d s  a n d  n e w  s u b s t i t u t i o n  c e n t r e s  w e  h a v e  s y n t h e s i s e d  a  s e r i e s  o f  c o m p o u n d s  h a v i n g  
s t r u c t u r e s  r e m i n i s c e n t  t o  t h o s e  o f  ( 4 . 3 3 ) - ( 4 . 3 7 ) .
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4.2: Tin complexes of maltol
O n  t h e  b a s i s  o f  B r i t t o n  a n d  D u n i t z ’ s  s t r u c t u r a l  c o r r e l a t i o n  w o r k  w i t h  t i n ^ ’  a n d  b y  
a n a l o g y  w i t h  o u r  p r e v i o u s  m e t h o d o l o g y ,  t h e  f o l l o w i n g  s c h e m e  -  m o d e l l i n g  n u c l e o p h i l i c
s u b s t i t u t i o n  a t  t i n  w a s  e n v i s a g e d .
. 0 . M e
O
°  , S n  
P h \'j
P h
(4.38)
M e
O  S n  X
O
X
 S n   O —  S n  •
Ph Ph
P h
P h
X
(4.39a-d) (4.40)
A  s e r i e s  o f  c o m p l e x e s  (4.39a-cl) w e r e  s y n t h e s i s e d  w i t h  X - g r o u p s  o f  d i f f e r e n t  
‘ l e a v i n g  a b i l i t y ’ .  C o m p l e x e s  w h i c h  m o d e l  t h e  z e r o  s u b s t i t u t i o n  s t r u c t u r e  (4.38) a n d  
c o m p l e t e d  s u b s t i t u t i o n  s t r u c t u r e  (4.40) w e r e  a l s o  p r e p a r e d  ( S e c t i o n  4 . 2 . 2 ) .
4.2.1: Synthesis of complexes (4.39a-d) and their precursors
T h e  t r i p h e n y l  d e r i v a t i v e  (4.39a) ( i . e .  X  =  P h )  w a s  p r o d u c e d  b y  t h e  r e a c t i o n  o f  t h e  
s o d i u m  s a l t  o f  m a l t o l ,  (4.41), w i t h  c h l o r o t r i p h e n y l t i n  (4.42a) ( F i g u r e  4 . 1 4 ) .  C r y s t a l s  o f  
(4.39a) f o r  X - r a y  a n a l y s i s  w e r e  p r e p a r e d  b y  r e c r y s t a l l i s a t i o n  f r o m  a  h o t  a c e t o n i t r i l e  
s o l u t i o n .
Figure 4.14 .O. M e .O. M e
(4.1)
N a O H  /  C H 2C I 2
1 8  h o u r s .
O N a
O
(4.41)
PhgSnCl (4.42a),
C H 2C I 2,  1 8  h o u r s .  Q
0
1
^  S n — P h
i k
P h  P h  
(4.39a)
W h e r e  X  =  h a l o g e n ,  c o m p l e x e s  (4.39b-d) w e r e  p r e p a r e d  f r o m  m e t h a n o l i c  s o l u t i o n s  
o f  (4.1) a n d  t h e  a p p r o p r i a t e  d i h a l o d i p h e n y l t i n  c o m p o u n d  (4.42b-d) a t  r o o m  t e m p e r a t u r e  
( F i g u r e  4 . 1 5 ) .  S u i t a b l e  c r y s t a l s  f o r  s i n g l e - c r y s t a l  X - r a y  a n a l y s i s  w e r e  g r o w n  f r o m  d i l u t e  
s o l u t i o n s  a t  r o o m  t e m p e r a t u r e .  A l t h o u g h  (4.42a) a n d  (4.42b) a r e  c o m m e r c i a l  reagents, 
(4.42c) a n d  (4.42d) m u s t  b e  p r e p a r e d  f r o m  (4.42b). H y d r o l y s i s  o f  (4.42b) w i t h  h o t ,  
c o n c e n t r a t e d ,  a q u e o u s  s o d i u m  h y d r o x i d e  s o l u t i o n  y i e l d s  d i p h e n y l t i n  o x i d e  (4.43). 
T r e a t m e n t  o f  (4.43) w i t h  a  c o n c e n t r a t e d  a q u e o u s  s o l u t i o n  o f  t h e  a p p r o p r i a t e  h y d r o h a l i c  
a c i d  a f f o r d s  t h e  r e q u i r e d  d i h a l o d i p h e n y l t i n  (4.42c) o r  (4.42d) ( F i g u r e  4 . 1 6 ) .
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Figure 4.15
(4.1)
Figure 4.16
P h z S n X z  
 ►
(4.42b) X  =  C l  
(4.42c) X  =  B r  
(4.42d) X  =  I
m e t h a n o l
(4.42b)
5 M  a q .  N a O H  
A ,  2  h o u r s .
( P h 2S n O )
(4.43)
O. M e
O
(4.39b) X  =  C l  
(4.39c) X  =  B r  
(4.39d) X  =  I
G — ^ S n - - - - - - - X
A
P h  P h
Conc. a q .  H X  
 ^
(X = Br, I.)
A ,  9 0  m i n s .
P h  S n X  (4*42c ) X  -  B r  
(4.42d)X = I
4.2.2: Synthesis of compounds for use as models for 0% and 100% substitution
M o d e l s  f o r  limiting  s p e c i e s  (4.38) a n d  (4.40) w e r e  p r e p a r e d  ((4.44) a n d  (4.45) 
r e s p e c t i v e l y )  ( F i g u r e  4 . 1 7 ) .  A  m e t h y l  g r o u p  w a s  u s e d  i n  p l a c e  o f  t h e  t i n  s u b s t i t u e n t  a t  t h e  
c a r b o n y l  o x y g e n .
Figure 4.17
Et^O
' -QTf
O M e
D M F / H 2O
(4.1)
M e l ,  A g 2 0  
S h a k e ,  4 0  h o u r s
M e O T f
O M e
O (4.44) O M e (4.45)
O — ► S n  X
4.2.3: A map of nucleophilic substitution at tin?
Figure 4.18
T a b l e  4 . 1  s h o w s  t h e  k e y  * ^ C  N M R  d a t a  f o r  t h e  c o m p l e x e s ,
i n c l u d i n g ,  w h e r e  a p p r o p r i a t e ,  t h e  p h e n y l  r i n g  c a r b o n  a n d  ^  ^ ^ S n
N M R  c h e m i c a l  s h i f t s .  T h e  n u m b e r i n g  s y s t e m  u s e d  i s  s h o w n  i n
F i g u r e  4 . 1 8 .  T h e  ^ ^ ^ S n  c h e m i c a l  s h i f t  i s  p a r t i c u l a r l y  p r o n e  t o
c h a n g e  w i t h  c o n c e n t r a t i o n  ( S e e  S e c t i o n  4 . 6 ) .  T h u s  t h e
c o n c e n t r a t i o n  o f  N M R  s o l u t i o n s  w e r e  s t a n d a r d i s e d  a t  0 . 5 2 M  f o r
a l l  t i n  c o m p l e x e s  u n l e s s  n o t e d  o t h e r w i s e .  T h e  N M R  s o l v e n t  i n
t h i s  s t u d y  w a s  d g - a c e t o n i t r i l e  u n l e s s  s t a t e d  o t h e r w i s e .  T h e r e  i s  v e r y  l i t t l e  p a t t e r n
d i s c e r n i b l e  f o r  t h e  c h a n g e  o f  c h e m i c a l  s h i f t s  w i t h  i n c r e a s i n g  l e a v i n g  g r o u p  a b i l i t y  t h r o u g h
t h e  s e r i e s  (4.44)-(4.39a-d)-(4.45). I n  g e n e r a l  t h e r e  i s  l i t t l e  d i f f e r e n c e  b e t w e e n  t h e  d a t a  s e t s
b e t w e e n  c o m p l e x e s  (4.39a-d). T h e  ^ ^ ^ S n  c h e m i c a l  s h i f t s  a l l  i n d i c a t e  s i g n i f i c a n t
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Table 4.1
C o m p l e x
^ ^ C  c h e m i c a l  s h i f t  ( / p p m )
6C 2 C 3 C 4 C s C 6 c ? C g C g C ] o
( 4 . 4 4 ) 1 6 0 . 2 1 4 6 . 3 1 7 5 . 3 1 1 8 . 2 1 5 5 . 3
( 4 . 3 9 a ) 1 5 6 . 3 1 4 5 . 7 1 7 5 . 9 111.1 1 5 3 . 4 1 3 6 . 3 1 3 7 . 5 1 2 9 . 3 1 3 0 . 0 - 1 6 6 . 6
( 4 . 3 9 b ) 1 5 8 . 9 1 4 5 . 7 1 7 2 . 5 112.6 1 5 8 . 3 1 4 3 . 8 1 3 6 . 3 1 2 9 . 6 1 3 1 . 1 - 2 0 1 . 5
( 4 . 3 9 c ) 1 5 8 . 5 1 4 4 . 2 1 7 2 . 3 1 1 2 . 5 1 5 8 . 2 1 4 3 . 7 1 3 5 . 8 1 2 9 . 7 1 3 1 . 3 - 1 9 6 . 0
( 4 . 3 9 ( 1 ) 1 5 6 . 8 1 4 4 . 0 1 7 3 . 4 1 1 3 . 0 1 5 3 . 6 1 3 9 . 4 1 3 5 . 5 1 2 9 . 9 1 3 1 . 8 - 2 7 1 . 4
( 4 . 4 5 ) 1 7 4 . 6 1 4 4 . 7 1 7 3 . 7 110.2 1 6 3 . 8 - - - - -
p e n t a c o o r d i n a t i o n  i n  e a c h  c o m p o u n d .  T h e  ^ ^ ^ S n  s h i f t  o f  ( 4 . 3 9 d )  i s  a l s o  i n f l u e n c e d  b y  t h e  
h e a v y  a t o m  i o d i n e ,  t o  w h i c h  i t  i s  a t t a c h e d .  T h e  l * ^ S n  s h i f t  o f  ( 4 . 3 9 b )  w a s  n o t  r e p o r t e d  
w h e n  f i r s t  p r e p a r e d ,  b u t  t h e  v a l u e  w e  h a v e  m e a s u r e d  i s  v e r y  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  
i t s  f l a v o n e  a n a l o g u e  ( 4 . 3 6 )  (6  - 1 9 6 . 0 ) . ^ ^ ^
I t  m a y  b e  c o n c l u d e d  t h a t  t h e s e  c o m p l e x e s ,  i n s t e a d  o f  a d o p t i n g  a  v a r i e t y  o f  
s t r u c t u r e s  a t  d i f f e r e n t  p o i n t s  a l o n g  t h e  s u b s t i t u t i o n  p a t h w a y ,  a r e  i n s t e a d a t  t h e  s a m e  
p o i n t .  A  c a l c u l a t i o n  t o  d e t e r m i n e  t h e  ‘ p e r c e n t a g e  S n -0  b o n d  f o r m a t i o n ’  a t  w h i c h  t h e  
c o m p l e x e s  a r e  frozen  w a s  p e r f o r m e d  i n  a  s i m i l a r  w a y  t o  t h e  s i l i c o n  c o m p l e x e s  o f  
C h a p t e r s  2  a n d  3 .  T h i s  c a l c u l a t i o n  c o m p a r e d  t h e  m e a n  c h e m i c a l  s h i f t  o f  e a c h  r i n g  
c a r b o n  i n  c o m p l e x e s  ( 4 . 3 9 a - d )  t o  i t s  v a l u e  i n  ( 4 . 4 4 )  a n d  ( 4 . 4 5 )  ( T a b l e  4 . 2 ) .  C %  i s  m o s t  
a d v e r s e l y  a f f e c t e d  b y  t h e  u s e  o f  a  m e t h y l  g r o u p  i n  p l a c e  o f  a  t i n  s u b s t i t u e n t  i n  c o m p l e x
( 4 . 4 5 )  a n d  s o  i t s  v a l u e s  w e r e  d i s c o u n t e d  f r o m  t h e  c a l c u l a t i o n .  F r o m  t h e  o t h e r  r i n g  c a r b o n  
d a t a ,  a  v a l u e  o f  a p p r o x i m a t e l y  7 0 %  ‘S n -0  b o n d  f o r m a t i o n ’  w a s  d e t e r m i n e d .  A l l  t h e  
c o m p l e x e s  t h u s  c o n t a i n  s t r o n g  Sn-O(carbonyl) b o n d s .  T o  i n v e s t i g a t e  t h i s  d e d u c t i o n  f u r t h e r ,  
s i n g l e  c r y s t a l  X - r a y  s t r u c t u r e s  o f  e a c h  o f  t h e  t i n  c o m p l e x e s  w e r e  o b t a i n e d .  T h e  O R T E P  
d i a g r a m s  a r e  p r e s e n t e d  i n  F i g u r e s  4 . 1 9 - 4 . 2 2 .  T h e  h y d r o g e n s  h a v e  b e e n  o m i t t e d  f o r  c l a r i t y .  
T a b l e  4 . 2
C o m p l e x
l ^ C  c h e m i c a l  s h i f t  ( / p p m )
C 2 C 3 C 4 C 5 C 6
( 4 . 4 4 ) 1 6 0 . 2 1 4 6 . 3 1 7 5 . 3 1 1 8 . 2 1 5 5 . 3
( 4 . 3 9 a - d )
( m e a n )
1 5 7 . 6 1 4 4 . 9 1 7 3 . 5 1 1 2 . 3 1 5 5 . 9
( 4 . 4 5 ) 1 7 4 . 6 1 4 4 . 7 1 7 3 . 7 110.2 1 6 3 . 8
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4.2.4: Crystal structures of tin-maltol complexes (4.39a-d). 
Figure 4.19: Triphenyltin complex (4.39a)
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023
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Sn-X(C]) = 2.17Â
^  Equatorial angles = 351 .9 1
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Figure 4.20: Chloride complex (4.39b)
CIS
017 (4.39b)
^^"^(carbony]) = 2 .24Â  
Sn-Cl = 2.43Â
^Equatorial angles = 358.0°|
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Figure 4.21: Bromide complex (4.39c)
C16
C 1 4
C4C16 C5
03C I3 C6CXi
C ll
C2C12 021
Snl Ol
033
(4.39c)BrI031
S ^ ‘ 0 ( c a r b o n y l )  ~  2 . 2 2 A  
S n - B r  =  2 . 5 5 Â  
Z  E q u a t o r i a l  a n g l e s  =  3 5 7 .
032
034
036
Figure 4.22: Iodide complex (4.39d)
C14 CIS
013 016
05
06012 O il
06 04
033
035
Snl
01031034
02
01
032
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03
(4.39d)
^ ^ ■ O ( c a r b o n y l )  =  2 . 2 3 Â  
S n - I  =  2 . 8 0 Â
Z  E q u a t o r i a l  a n g l e s  =  3 5 7 .
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T h e  k e y  c r y s t a l l o g r a p h i c  d a t a  a r e  s u m m a r i s e d  i n  T a b l e  4 . 3 .  
Table 4.3
X P h  (4.39a) C l  (4.39b) B r  (4.39c) 1 (4.39d)
S n - X  ( / Â ) 2 . 1 7 2.43 2.55 2.80
Sn-O(carbonvl) (/-^) 2.44 2.24 2.22 2.23
S n - O  (/A) 2.05 2.05 2.03 2.06
c=o (/A) 1 . 2 5 1.28 1.25 1.28
0 - S n - X  ( / " ) 159.3 1 6 3 . 1 162.0 1 6 1 . 9
S u m  o f equatorial 
angles (/°)
351.9 358.0 357.8 357.8
T h e  d a t a  r e v e a l s  t h a t  t h e  c o n f i g u r a t i o n  o f  t h e  t i n  r e m a i n s  l o c k e d  a s  a  t r i g o n a l -  
b i p y r a m i d a l  s t r u c t u r e  w i t h  t h e  o n l y  m a j o r  d i f f e r e n c e  b e t w e e n  t h e  s t r u c t u r e s  b e i n g  t h e  
l e n g t h  o f  t h e  Sn-X b o n d .  T h e  Sn-O(carbonyl) b o n d  l e n g t h  i n  e a c h  c a s e  i s  l a r g e l y  
i n d e p e n d e n t  o f  t h e  ‘ l e a v i n g  g r o u p ’ .  O n l y  i n  t h e  c a s e  o f  (4.39a) w h i c h  h a s  a  v e r y  p o o r  
‘ l e a v i n g  g r o u p ’ ,  a  p h e n y l  g r o u p ,  i s  t h i s  b o n d  a n y  l o n g e r .  T h e  Sn-O(carbonyl) b o n d  l e n g t h  
f o r  t h i s  c o m p o u n d  i s  a b o u t  0 . 2 Â  l o n g e r  a n d  t h e  s u m  o f  t h e  e q u a t o r i a l  b o n d  a n g l e s  a b o u t  6° 
l e s s  t h a n  (4.39b-d). T h i s  t i n  c o m p l e x  i s  t h e r e f o r e  t h e  m o s t  t e t r a c o o r d i n a t e  s t r u c t u r e  o f  t h e  
s e r i e s  (4.39a-d). T h e  Sn-O(carbonyl) b o n d  o f  e a c h  c o m p l e x  i s  0 . 2 - 0 . 4 Â  l o n g e r  t h a n  t h e  
o t h e r  S n - 0  c o v a l e n t  b o n d .  T h e r e f o r e ,  a l l  t h e  Sn-O(carbonyl) b o n d s  a r e  o f  c o n s i d e r a b l e  
s t r e n g t h .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  p e r c e n t a g e  Sn-0 b o n d  f o r m a t i o n  o f  a p p r o x i m a t e l y  
7 0 %  c a l c u l a t e d  f o r  t h e  c o m p l e x e s  f r o m  t h e  N M R  d a t a .
I n  a l l  s t r u c t u r e s  t h e  d i a x i a l  b o n d  a n g l e  i s  d i s t o r t e d  f r o m  l i n e a r i t y  b e c a u s e  o f  t h e  
i n t r a m o l e c u l a r  n a t u r e  o f  t h e  ‘ n u c l e o p h i l i c  a t t a c k ’ .  T h e  n e x t - n e a r e s t  i n t e r m o l e c u l a r  
t i n - h a l o g e n  d i s t a n c e s  i n  t h e  c r y s t a l s  a r e  6 . 4 0 Â  (4.39b), 6 . 3 4 Â  (4.39c) a n d  6 . 3 5 Â  (4.39d). 
T h e s e  l e n g t h s  a r e  t o o  g r e a t  f o r  h a l o g e n  b r i d g i n g  t o  b e  o c c u r r i n g  b e t w e e n  a d j a c e n t  t i n  
a t o m s .
T h e  n e x t  s t e p  w a s  t o  m o d i f y  t h e  ‘ n u c l e o p h i l i c i t y ’  o f  t h e  l i g a n d .  T h e  c h o i c e  o f  
3 - h y d r o x y - 2 - m e t h y l - 4 - p y r i d o n e  a n a l o g u e s  o f  (4.1) e n s u r e d  t h e  s a m e  l o c a l  c o o r d i n a t i o n  
e n v i r o n m e n t  a t  t h e  t i n  b u t  e n a b l e d  t h e  e l e c t r o n i c  s t r u c t u r e  o f  t h e  l i g a n d  t o  b e  c h a n g e d  
u s i n g  d i f f e r e n t  s u b s t i t u e n t s  a t  n i t r o g e n .
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4.3: Tin com plexes of 4-pyridones
4.3.1: Synthesis of 3-hydroxy-2-methyl-l-phenyl-4-pyridone complexes
Figure 4.23
H 2O  /  H C l  /  P h N H 2
P h
I
N. M e
P h
I
N. M e
(4.1)
A ,  3  d a y s .
O H
6  (4.7)
O
(4.46a) X  =  P h  
(4.46b) X  =  C l  
(4.46c) X  =  B r
0 ^ - S n  X
A
P h  P h
(4.1) c a n  b e  c o n v e r t e d  i n t o  a  v a r i e t y  o f  s u b s t i t u t e d  4 - p y r i d o n e s  i n  a  s i n g l e  s t e p  
r e a c t i o n  w i t h  p r i m a r y  a m i n e s . T h e  3 - h y d r o x y - 2 - m e t h y l - l - p h e n y l - 4 - p y r i d o n e  l i g a n d  
(4.7) c a n  t h e r e f o r e  b e  p r e p a r e d  f r o m  a n i l i n e  ( F i g u r e  4 . 2 3 ) .  A  s e r i e s  o f  c o m p l e x e s  (4.46a-c) 
w e r e  p r e p a r e d  v i a  i d e n t i c a l  r o u t e s  t o  t h e  p r e p a r a t i o n  o f  c o m p l e x e s  (4.39a-d). W e  w e r e  
u n a b l e  t o  i s o l a t e  t h e  i o d i d e  a n a l o g u e  o f  (4.46a-c), (4.46d), b y  c r y s t a l l i s a t i o n  a n d  n o  f u r t h e r  
w o r k  o n  t h i s  c o m p o u n d  w a s  c a r r i e d  o u t .  3 - H y d r o x y - l , 2 - d i m e t h y l - 4 - p y r i d o n e ,  (4.47), i s  a  
c o m m e r c i a l  r e a g e n t  a n d  w a s  r e a c t e d  w i t h  (4.42b) i n  m e t h a n o l  t o  p r o d u c e  t h e  1 - m e t h y l  
s u b s t i t u t e d  c o m p l e x  (4.48) ( F i g u r e  4 . 2 4 ) .
Figure 4.24
M e M e
I
M e
O H
O
M e
(4.42b)
M e O H
O S n  C l
(4.47) P h  P h (4.48)
K e y  s p e c t r a l  d a t a  f o r  t h e  c o m p l e x e s  (4.46a-c) a n d  (4.48) a r e  d i s p l a y e d  i n  
T a b l e  4 . 4  w i t h  t h e  a t o m  n u m b e r i n g  s c h e m e  s h o w n  i n  F i g u r e  4 . 2 5 .  T h e  g e n e r a l  s i m i l a r i t y  
b e t w e e n  t h e  ' ^ C  a n d  ^  ’ ^ S n  N M R  s p e c t r a  o f  t h e  f o u r  c o m p l e x e s  i n d i c a t e s  a  s i m i l a r  d e g r e e  
o f  e x t e n s i v e  p e n t a c o o r d i n a t i o n  a t  t h e  t i n  c e n t r e  i n  e a c h  c a s e .  I n  d g - a c e t o n i t r i l e ,  t h e  l e a s t  
p o l a r  s o l v e n t  i n  w h i c h  t h e  c o m p o u n d s  w e r e  r e a s o n a b l y  s o l u b l e ,  t h e  ^  ^ ^ S n  c h e m i c a l  s h i f t s  
a r e  b o t h  s e n s i t i v e  t o  c o n c e n t r a t i o n  a n d  t e m p e r a t u r e .  A l t h o u g h  e x t e n s i v e  e f f o r t s  w e r e  m a d e  
t o  s t a n d a r d i s e  t h e  m e a s u r e m e n t  c o n d i t i o n s ,  i t  w a s  n o t  p o s s i b l e  t o  c o m p a r e  r e l i a b l y  t h e  
r e l a t i v e  e x t e n t s  o f  h y p e r c o o r d i n a t i o n  b e t w e e n  t h e  c o m p l e x e s  i n  s o l u t i o n .
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Figure 4.25 Table 4.4
Me
Compound (4.46a)* (4.48) (4.46b) (4.46c)
C2 158.4 151.3 146.2 151.2
C 3 150.0 144.2 141.8 142.8
C4 169.1 167.4 168.7 168.8
C5 108.5 109.7 111.7 109.8
C6 146.5 136.1 139.7 137.6
13c C7 134.2 131.9 131.4 130.7
chemical Cg 137.1 137.0 136.3 136.9
shift C9 127.9 129.6 129.5 129.4
(/ppm) Ci o 128.3 131.1 131.2 131.1
C l l 131.4 (44.1)+ 130.6 130.8
C 12 129.8 - 131.0 130.9
C l 3 126.3 - 127.0 127.4
C l 4 129.5 - 131.8 131.0
8 ll^Sn (/ppm) -193.9 -218.8 -198.9 -215.0
( *  =  S a m p l e  i n  C D C I 3 ,  +  =  N - M e )
T o  e x a m i n e  t h e  s t r u c t u r e s  i n  m o r e  d e t a i l ,  s i n g l e  c r y s t a l s  o f  c o m p l e x e s  (4.46a-c) 
w e r e  g r o w n  a n d  t h e i r  X - r a y  s t r u c t u r e s  d e t e r m i n e d .  O R T E P  d i a g r a m s  a r e  p r e s e n t e d  i n  
F i g u r e s  4 . 2 6  -  4 . 2 8 .  T a b l e  4 . 5  i s  a  s u m m a r y  o f  t h e  k e y  c r y s t a l l o g r a p h i c  d a t a .
4.3.2: Crystal structures of 3-hydroxy-2-methyl-l-phenyl-4-pyridone complexes 
(4.46a-c).
Figure 4.26: Triphenyltin complex (4.46a)
C23 C27
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016
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CIO
(4.46a)
^ ^ ■ O ( c a r b o n y l )  “  2 . 2 3 A  
S n - X  ( C 7 )  =  2 . 1 8 A  
S u m  o f  e q u a t o r i a l  a n g l e s  =  3 5 5 . 9 '
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Figure 4.27: Chloride complex (4.46b)
G16
CIO
(4.46b)
S n - O ( c a r b o n y l )  “  2 . 1 8 A  
S n - C l  =  2 . 4 4 Â  
S u m  o f  e q u a t o r i a l  a n g l e s  =  3 5 9 . 1 '
Figure 4.28: Bromide complex (4.46c)
CIO
cu
Sn-O^ carbonyl) “  2 . 1 8 A  
S n - B r  =  2 . 5 9 Â  
S u m  o f  e q u a t o r i a l  a n g l e s  =  3 5 9 . 0 °
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Table 4.5
L e a v i n g  g r o u p  X P h  (4.46a) C l  (4.46b) B r  (4.46c)
Sn-X (/A) 2.18 2.44 2.59
S n - O ( c a i - b o n v I ) 2.23 2.18 2.18
Sn-0 (/Â) 2.10 2.06 2.06
C=0 (/Â) 1.29 1.28 1.30
O-Sn-X (/°) 159.1 1 6 1 . 6 1 6 1 . 3
S u m  o f  e q u a t o r i a l  
angles (/°)
355.9 359.1 359.0
A s  w a s  f o u n d  f o r  c o m p l e x e s  (4.39a-d) i n  S e c t i o n  4 . 2 . 4 ,  t h e  o n l y  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e  s t r u c t u r e s  i s  t h e  S n - X  b o n d  l e n g t h .  E a c h  c o m p l e x  h a s  a  d i s t o r t e d ,  
t r i g o n a l  b i p y r a m i d a l  g e o m e t r y  a t  t i n .  W h e n  X  i s  t h e  v e r y  p o o r  ‘ l e a v i n g  g r o u p ’ ,  p h e n y l ,  
(4.46a), a  s l i g h t  i n c r e a s e  i n  t h e  Sn-O(carbonyl) b o n d  l e n g t h  i s  o b s e r v a b l e .  T h e  n e x t - n e a r e s t  
t i n - h a l o g e n  d i s t a n c e s  i n d i c a t e  n o  b r i d g i n g  b e t w e e n  a d j a c e n t  t i n  a t o m s  ( 6 . 2 3 Â  i n  (4.46b) 
a n d  6 . 3 6 Â  i n  (4.46c)).
4.3.3: Analysis of tbe combined crystal data
T a b l e  4 . 6  c o m p a r e s  s e l e c t e d  s o l i d  s t a t e  d a t a  f o r  c o m p l e x e s  (4.46a-c) a n d  (4.39a-c). 
Table 4.6
L e a v i n g  g r o u pX P h  (a) C l  (b) B r  (c)
Sn-X (/A) (4.39) 2 . 1 7 2.43 2.55
(4.46) 2.18 2.44 2.59
Sn-G(carbonyl) (/A) (4.39) 2.44 2.24 2.22
(4.46) 2.23 2.18 2.18
S u m  o f  e q u a t o r i a l  
a n g l e s  ( / ° )
(4.39) 351.9 358.0 357.8
(4.46) 355.9 359.1 359.0
I n  s u m m a r y :
T h e  S n - X  b o n d  l e n g t h s  a r e  f r a c t i o n a l l y  l o n g e r  i n  c o m p l e x e s  (4.46) t h a n  t h e i r  (4.39) 
a n a l o g u e s .
T h e  Sn-O(carbonyl) d i s t a n c e s  a r e  s l i g h t l y  s h o r t e r  i n  c o m p l e x e s  (4.46) t h a n  t h e i r  
(4.39) a n a l o g u e s .
T h e  s u m  o f  t h e  e q u a t o r i a l  a n g l e s  a r e  c l o s e r  t o  3 6 0 °  ( i d e a l  t r i g o n a l  b i p y r a m i d a l )  i n  
c o m p l e x e s  (4.46) t h a n  t h e i r  (4.39) a n a l o g u e s .
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T h e  d a t a  s h o w  t h a t  f o r  a  g i v e n  X  g r o u p ,  t h e  d e g r e e  o f  ‘ s u b s t i t u t i o n ’  m o d e l l e d  b y  
t h e  p y r i d o n e  c o m p l e x e s  ( 4 . 4 6 a - c )  i s  f r a c t i o n a l l y  f u r t h e r  a l o n g  t h e  ‘ r e a c t i o n  c o o r d i n a t e ’  f o r  
s u b s t i t u t i o n  t h a n  t h e i r  m a l t o l  a n a l o g u e s  ( 4 . 3 9 a - c ) .  T h i s  i m p l i e s  t h a t  t h e  p y r i d o n e  l i g a n d  i s  
a  m a r g i n a l l y  b e t t e r  ‘ n u c l e o p h i l e ’  t h a n  m a l t o l .  C h a n g i n g  t h e  ‘ n u c l e o p h i l i c i t y ’  o f  t h e  
‘ n u c l e o p h i l e ’  i n  h y p e r v a i e n t  s i l i c o n  c o m p l e x e s  h a s  a  c o n s i d e r a b l e  e f f e c t  o n  t h e  p e r c e n t a g e  
o f  n u c l e o p h i l e - s i l i c o n  b o n d  f o r m a t i o n .  B y  c o n t r a s t  f o r  t i n ,  a  h i g h  ‘ p e r c e n t a g e  o f  
n u c l e o p h i l e - t i n  b o n d  f o r m a t i o n ’  o c c u r s  w h i c h  i s  m u c h  l e s s  d e p e n d e n t  o n  t h e  e l e c t r o n i c  
s t r u c t u r e  o f  t h e  l i g a n d  o r  t h e  ‘ l e a v i n g  g r o u p ’  a t t a c h e d  t o  t i n .
A s  f a r  a s  w e  a r e  a w a r e ,  n o  c r y s t a l  s t r u c t u r e s  
o f  p e n t a c o o r d i n a t e  t i n  c o m p l e x e s  o f  m a l t o l  o r  
t h e  r e l a t e d  3 - h y d r o x y - 2 - m e t h y l - 4 - p y r i d o n e s  
h a v e  b e e n  p u b l i s h e d  t o  d a t e ,  h o w e v e r ,  t h e  
c r y s t a l  s t r u c t u r e s  o f  h e x a c o o r d i n a t e  ( 4 . 1 9 )  
a n d  ( 4 . 2 0 )  a r e  k n o w n ^ ^ ®  a n d  c a n  b e  
c o m p a r e d  t o  ( 4 . 3  9  a  )  /  ( 4 . 4  6  a  )  a n d  
( 4 . 3 9 b ) / ( 4 . 4 6 b )  r e s p e c t i v e l y  ( T a b l e  4 . 7 ) .
T a b l e  4 . 7
R  =  P h  ( 4 . 1 9 )  
R  =  C 1  ( 4 . 2 0 )
( 4 . 3 9 a ) ( 4 . 4 6 a ) ( 4 . 1 9 ) * ( 4 . 3 9 b ) ( 4 . 4 6 b ) ( 4 . 2 0 )
S n - X  ( / Â ) 2 . 1 7 2 . 1 8 2 . 1 4 2 . 4 3 2 . 4 4 2 . 3 7
Sn-O(carbonvl) 2 . 4 4 2 . 2 3 2 . 2 5 2 . 2 4 2 . 1 8 2 . 1 3
S n - 0  ( / Â ) 2 . 0 5 2.10 2 .10 2 . 0 5 2 . 0 6 2 . 0 6
C = 0  ( / A ) 1 . 2 5 1 . 2 9 1 . 2 7 1 . 2 8 1 . 2 8 1 . 3 0
0 ( c a r b o n v b " S n - X  ( /  ) 1 5 9 . 3 1 5 9 . 1 1 6 2 . 9 1 6 3 . 1 1 6 1 . 6 1 6 8 . 0
*  M e a n  v a l u e s  o v e r  t h e  t w o  i n d e p e n d e n t  m o l e c u l e s  i n  t h e  c r y s t a l
T h e  s t r e n g t h  o f  t h e  l i g a n d - t i n  b i n d i n g  i n  ( 4 . 3 9 a )  a n d  ( 4 . 4 6 a )  i s  c o m p a r a b l e  w i t h  
t h a t  o f  ( 4 . 1 9 )  d i s p i t e  t h e  d i f f e r e n c e  i n  t i n  c o o r d i n a t i o n  n u m b e r .  T h e  d i a x i a l  b o n d  a n g l e  o f  
( 4 . 1 9 )  i s  c l o s e r  t o  b e i n g  l i n e a r  t h a n  t h o s e  o f  ( 4 . 3 9 a )  a n d  ( 4 . 4 6 a ) .  T h i s  i s  p r i m a r i l y  b e c a u s e  
t h e  g r e a t e r  c r o w d i n g  a r o u n d  t i n  i n  a  h e x a c o o r d i n a t e  c o m p l e x  r e q u i r e s  t h e  g r o u p s  a r o u n d  i t  
t o  m o r e  c l o s e l y  o c c u p y  t h e i r  i d e a l  s i t e s .  T h e  s a m e  a p p l i e s  t o  ( 4 . 2 0 )  c o m p a r e d  t o  ( 4 . 3 9 b )  
a n d  ( 4 . 4 6 b ) .
T h e  c r y s t a l  s t r u c t u r e s  o f  a  n u m b e r  o f  i n t r a m o l e c u l a r l y  p e n t a c o o r d i n a t e d  
t r i p h e n y l t i n  c o m p l e x e s  h a v e  b e e n  r e p o r t e d ,  f o r  e x a m p l e  ( 1 . 7 2 ) , ^ ^  ( 4 . 4 9 ) a n d  ( 4 . 5 0 ) .
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T a b l e  4 . 8  b e l o w  s u m m a r i s e s  t h e  i m p o r t a n t  c r y s t a l  d a t a .  T h e  o r d e r i n g  o f  t h e  
c o m p l e x e s  i s  t h a t  o f  d e c r e a s i n g  ‘Sn-O(carbonyl)’ b o n d  l e n g t h .
P h
P b i u " " -  S n
(1.72) Ph
P h  Ç
\  / S -
P h i l " " "  S n
(4.49)
O
' B U 2N H 2'
N M e
N
B r
(4.50)
Table 4.8
(4.50) (4.49) (4.39a) (1.72) (4.46a)
Sn-Ph(axial) (/A) 2 . 1 5 2 . 1 7 2 . 1 7 2.18 2.18
Sn-O(carbonvl) U 2.66 2.61* 2.44 2.28 2.23
0(carbonvl)"Sn-Ph(axial) (/ ) 148.0 166.8 159.3 163.7 1 5 9 . 1
Z  E q u a t o r i a l  a n g l e s  ( / " ) 339.6 350.0 351.9 355.2 355.9
C=0 (/A ) 1.25 (1.24)+ 1 . 2 5 1.26 1.29
( *  =  S n - O C O R ,  +  =  c a r b o n y l  n o t  i n v o l v e d  i n  c h e l a t i o n  t o  t i n )
I n  s u m m a r y :
•  T h e  s h o r t e r  t h e  Sn-O(carbonyl) b o n d ,  t h e  m o r e  t r i g o n a l  b i p y r a m i d a l  i s  t h e  t i n .  T h e  
s u m  o f  t h e  e q u a t o r i a l  a n g l e s  f o r  (4.50) i s  p a r t i c u l a r l y  s m a l l  b e c a u s e  t h e  c h e l a t e  
f o r m s  a  f o u r - m e m b e r e d  r i n g .  T h i s  c a u s e s  c o n s i d e r a b l e  d i s t o r t i o n  t o  t h e  g e o m e t r y  o f  
t h e  t i n .
• Strong pentacoordination does not lead to appreciable Sn-Ph(axial) bond extension.
•  T h e  C = 0  b o n d  l e n g t h e n s  s l i g h t l y  w i t h  i n c r e a s i n g  Sn-O(carbonyl) b o n d  s t r e n g t h .
•  T h e  0(carbonyl)-Sn-Ph(axial) d i a x i a l  a n g l e  c h a n g e s  e r r a t i c a l l y  w i t h  i n c r e a s i n g  
Sn-O(carbonyl) b o n d i n g  b e c a u s e  i t  i s  a l s o  a f f e c t e d  b y  t h e  s i z e  o f  t h e  r i n g  f o r m e d  
o n  c h e l a t i o n .
B y  c o m p a r i n g  t h e  c r y s t a l  s t r u c t u r e s  o f  c o m p l e x e s  (4.39a) a n d  (4.39c), t h e  e f f e c t  o f  
c h e l a t i o n  o n  t h e  p y r o n e  r i n g  c a n  b e  j u d g e d .  (4.39c) h a s  a  Sn-O(carbonyl) b o n d  0 . 2 0 Â  
s h o r t e r  t h a n  (4.39a). I n  (4.39c) t h e  p y r o n e  r i n g  C = C  b o n d s  a r e  a b o u t  0 . 0 1 Â  l o n g e r  a n d  t h e  
C - C  b o n d s  a b o u t  0 . 0 2 Â  s h o r t e r ,  o n  a v e r a g e ,  t h a n  (4.39a). T h i s  c o r r e s p o n d s  t o  t h e r e  b e i n g
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g r e a t e r  r i n g  k  e l e c t r o n  d e l o c a l i s a t i o n  i n  t h e  c o m p l e x  c o n t a i n i n g  t h e  s t r o n g e r  Sn-O(carbonyl) 
b o n d .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  o b s e r v a t i o n s  m a d e  o n  t h e  e f f e c t  o f  p r o t o n a t i o n  o f  t h e  
p y r o n e  c a r b o n y l - o x y g e n  i n  S e c t i o n  4 . 1 .
M e  C l
2 . 2 1 A
2 . 0 5 A
2 . 3 6 Â  Ç 1
S n
t
O
2 . 3 0 A
\
C l
2 . 3 2 A  
O M e  ( 4 . 5 1 )
P h
( 4 . 5 2 )  p j ^ /  ^ (2 1
A x i a l  s i l i c o n - c h l o r i n e  b o n d s  a r e  o f t e n  c o n s i d e r a b l y  l o n g e r  t h a n  w h e n  i n  e q u a t o r i a l  
p o s i t i o n s  i n  p e n t a c o o r d i n a t e  c o m p o u n d s  ( f o r  e x a m p l e  ( 1 . 3 5 )
4 4 )  o r  i n  t e t r a - c o o r d i n a t e  s i l i c o n  c o m p o u n d s .  I n  c o n t r a s t ,  t i n - c h l o r i n e  b o n d s  a r e  a f f e c t e d  
r e l a t i v e l y  l i t t l e  b y  t h e i r  a x i a l / e q u a t o r i a l  p o s i t i o n ,  f o r  e x a m p l e  ( 4 . 5 1 ) . ^ ^ *  T i n - c h l o r i n e  
b o n d s  i n  g e n e r a l  a r e  a f f e c t e d  l i t t l e  b y  i n c r e a s e  i n  c o o r d i n a t i o n  n u m b e r .  B y  o u r  o w n  
c a l c u l a t i o n ,  c o m p l e x  ( 4 . 3 9 b )  c o n t a i n s  a n  Sn-O(carbonyl) b o n d  w h i c h  i s  a p p r o x i m a t e l y  7 0 %  
f o r m e d ,  y e t  t h e  S n - C l  b o n d  l e n g t h  o f  2 . 4 3 Â  i s  o n l y  a b o u t  0 . 1 Â  l o n g e r  t h a n  t h e  S n - C l  
d i s t a n c e  i n  t e t r a c o o r d i n a t e  t r i p h e n y l t i n  c h l o r i d e ,  2 . 3 2 A .^^2  T h e  2 . 4 3 Â  S n - C l  b o n d  i n  
( 4 . 3 9 b )  i s  a  t y p i c a l  p e n t a c o o r d i n a t e  S n - C l  b o n d  l e n g t h .  F o r  e x a m p l e  ( 4 . 5 2 ) ^ ^ ^  h a s  a n  a x i a l  
S n - C l  b o n d  o f  2 . 4 5 Â  a n d  a n  e q u a t o r i a l  S n - C l  b o n d  o f  2 . 3 4 Â .
T h e  S n - B r  b o n d  l e n g t h s  i n  c o m p l e x e s  ( 4 . 3 9 c )  a n d  ( 4 . 4 6 c )  a r e  2 . 5 5 Â  a n d  2 . 5 9 Â  
r e s p e c t i v e l y .  T h e s e  l e n g t h s  a r e  o f  a  s i m i l a r  d i m e n s i o n  t o  e x a m p l e s  o f  b o t h  p e n t a c o o r d i n a t e  
( 4 . 5 3 )  ^  ^ 4  a n d  t e t r a c o o r d i n a t e  ( 4 . 5 4 ) t i n - b r o m i d e  c o m p l e x  c r y s t a l  s t r u c t u r e s  i n  t h e  
l i t e r a t u r e .
M e
M e
2.6IÀ
( 4 . 5 3 )M e
' P r  B r  
2.54a \
2.55A
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T h e  S n - I  b o n d  l e n g t h  i n  c o m p l e x  ( 4 . 3 9 d )  i s  2.80Â. T h i s  d i s t a n c e  i s  r e l a t i v e l y  l a r g e  
c o m p a r e d  t o  e x a m p l e s  o f  t e t r a c o o r d i n a t e  ( 4 . 5 5 ) ^ ^ ^  a n d  e v e n  h e x a c o o r d i n a t e  ( 4 . 5 6 )  
i o d i d e  c o m p l e x  c r y s t a l  s t r u c t u r e s  r e p o r t e d  i n  t h e  l i t e r a t u r e .
M e O M e O
2.72À2.73A
( 4 . 5 6 )
O M e  ' 2 . 7 1  A  
( 4 . 5 5 )
T h e  d a t a  f o r  o u r  s t r u c t u r e s  c a n  b e  p l o t t e d  o n t o  t h e  m a p  o f  n u c l e o p h i l i c  s u b s t i t u t i o n  
a t  t i n  p r o d u c e d  b y  D u n i t z ^ *  ( T a b l e  4.9 a n d  F i g u r e  4.29). T h e  l o w e r  l i m i t s  o f  b o n d  l e n g t h  
u s e d  t o  d e t e r m i n e  Ady a n d  A d x  a r e  S n - O  1.90Â, S n - C  2.10Â, S n - C l  2.29Â, S n - B r  2.45Â 
a n d  S n - I  2.69Â, a s  u s e d  b y  D u n i t z .  T h e  d a t a  p o i n t s  l i e  c l o s e  t o g e t h e r  a n d  a r e  a l l  p o s i t i o n e d  
b e n e a t h  t h e  c u r v e .  T h e r e f o r e  t h e  s t r u c t u r e s  a r e  m o d e l s  o f  t h e  s a m e  s m a l l  r e g i o n  o f  t h e  
‘ r e a c t i o n ’  p r o f i l e  a r e  p a r t i c u l a r l y  tight  i n  h a v i n g  s h o r t e r  S n - ‘ n u c l e o p h i l e ’  a n d  S n - ‘ l e a v i n g  
g r o u p ’  b o n d  l e n g t h s  t h a n  t h o s e  t y p i c a l  o f  D u n i t z ’ s  s t u d y .  A l t h o u g h  D u n i t z ’ s  p a p e r  d o e s  
n o t  n a m e  t h e  s p e c i f i c  c o m p o u n d s ,  h e  c o n s i d e r e d  a p p r o x i m a t e l y  f i f t y  c o m p l e x e s  o f  v e r y  
v a r i e d  t y p e s .  T h e  f a c t  t h a t  o u r  d a t a  d o  n o t  f i t  e x a c t l y  t h e  t r e n d  o f  t h e  p l o t  i s  r e l a t e d  t o  t h e  
s p e c i f i c  c h e l a t i n g  c h a r a c t e r i s t i c s  o f  t h e  m a l t o l  a n d  p y r i d o n e  l i g a n d s  a n d  t h e  s m a l l  n u m b e r  
o f  r e l a t i v e l y  s i m i l a r  c o m p o u n d s  w e  p r e p a r e d ,  r a t h e r  t h a n  a  b r e a k d o w n  o f  t h e  s t r u c t u r a l  
c o r r e l a t i o n  m e t h o d .
T a b l e  4 . 9
S n - 0
( / Â )
A S n - 0  (Ady)
( / Â )
S n - X
( / A )
A S n - X  (Adx) 
( / A )
( 4 . 3 9 a ) 2.44 0.54 2.17 0.07
( 4 . 3 9 b ) 2 . 2 4 0 . 3 4 2 . 4 3 0.14
( 4 . 3 9 c ) 2.22 0 . 3 2 2 . 5 5 0.10
( 4 . 3 9 d ) 2 . 2 3 0 . 3 3 2 . 8 0 0.11
( 4 . 4 6 a ) 2 . 2 3 0 . 3 3 2 . 1 8 0 . 0 8
( 4 . 4 6 b ) 2 . 1 8 0 . 2 8 2 . 4 4 0.15
( 4 . 4 6 c ) 2 . 1 8 0 . 2 8 2 . 5 9 0.14
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Figure 4.29
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4.3.4: Synthesis of 3-hydroxy-l-(4-methoxyphenyl)-2-methyI-4-pyridone complexes
S i n c e  l i g a n d  m o d i f i c a t i o n  c a u s e d  a  s m a l l
g e o m e t r i c  c h a n g e  t o  t h e  e x t e n t  o f
(4.58a) X  =  P h  s u b s t i t u t i o n ,  f u r t h e r  e l e c t r o n i c  a d j u s t m e n t
(4.58b) X  =  C l
(4.58c) X  =  B r  w a s  a t t e m p t e d  b y  s u b s t i t u t i n g  t h e  1 - p h e n y l  
r i n g  i n  t h e  para  p o s i t i o n  w i t h  a  4 - m e t h o x y  
g r o u p  ( a n  e l e c t r o n  d o n o r  r e l a t i v e  t o
h y d r o g e n ) .  4  h e  l i g a n d  (4.57) w a s  p r e p a r e d
f r o m  (4.1) a n d  4 - m e t h o x y  a n i l i n e  a s  b e f o r e .  
A  s e r i e s  o f  c o m p l e x e s  (4.58a-c) w e r e  
p r e p a r e d  v i a  t h e  r o u t e s  d i s c u s s e d  p r e v i o u s l y  f o r  (4.39a-d) a n d  (4.46a-c). I t  w a s  n o t  
p o s s i b l e  t o  g r o w  c r y s t a l s  s u i t a b l e  f o r  X - r a y  a n a l y s i s ,  h o w e v e r ,  t h e  ^ ^ ^ S n  N M R  r e s o n a n c e s  
i n d i c a t e  s t r o n g  p e n t a c o o r d i n a t i o n  i n  a l l  c o m p l e x e s  ( T a b l e  4 . 1 0 ) .
Table 4.10
P h  P h
X P h  (a) C l  (b) B r  (c)
(4.58) -195.8 - 2 1 5 . 4 - 2 1 3 . 6
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4.4: Tin com plexes of 3-hydroxy-2-m ethyI-4-thiopyrones
A  f i n a l  a t t e m p t  t o  p e r t u r b  t h e  g e o m e t r y  o f  t h e  t i n / m a l t o l  c o m p l e x  s y s t e m  w a s  
m a d e  b y  s o f t e n i n g  t h e  ‘ n u c l e o p h i l i c i t y ’  o f  t h e  ‘ n u c l e o p h i l e ’ .  T h i s  w a s  a c h i e v e d  b y  t h e  
u s e  o f  3 - h y d r o x y - 2 - m e t h y l - 4 - t h i o p y r o n e  (4.8) a s  t h e  c h e l a t i n g  l i g a n d .  (4.8) w a s  
p r e p a r e d  b y  t h e  t h i o l a t i o n  o f  (4.1) w i t h  p h o s p h o r o u s  p e n t a s u l f i d e  ( F i g u r e  4 . 3 0 ) .  T h e  
c h l o r i d e  (4.59b) a n d  b r o m i d e  (4.59c) c o m p l e x e s  w e r e  p r e p a r e d  i n  t h e  s a m e  m a n n e r  t o  
(4.39b) a n d  (4.39c) ( F i g u r e  4 . 1 5 ) .
Figure 4.30
M e
(4.1)
D i o x a n e ,  A ,  9 0  m i n s .
O H
S
. 0 . M e
(4.59b) X  =  C l  
(4.59c) X  =  B r
O
(4.8) P h
S n —  X
i
P h
T h e  ^ l ^ S n  N M R  s p e c t r a  o f  c o m p l e x e s  (4.59b/c) d i s p l a y  r e s o n a n c e s  
c h a r a c t e r i s t i c  o f  h i g h l y  p e n t a c o o r d i n a t e d  t i n  ( a b o u t  8  - 2 1 0 )  w i t h  n o  c l e a r  d i f f e r e n c e s  
f r o m  t h e  s p e c t r a  o f  c o m p l e x e s  (4.39a-d). T h e  ^ ^ ^ S n  c h e m i c a l  s h i f t s  o f  a l l  t h e  t i n  
c o m p l e x e s  a r e  s u m m a r i s e d  i n  T a b l e  4 . 1 1 .
Table 4.11
C o m p l e x  t y p e ^ S n  c h e m i c a l  s h i f t  ( / p p m )
P h  (a) C l  (b) B r  (c) 1(d)
M a l t o l  (4.39) - 1 6 6 . 6 - 2 0 1 . 5 - 1 9 6 . 0 -271.4
1 - P h  4 - p y r i d o n e  (4.46) -193.9» -198.9 - 2 1 5 . 0 -
1 - M e  4 - p y r i d o n e  (4.48) - -218.8 - -
l - ( 4 - O M e ) - P h - 4 - p y r i d o n e  (4.58) -195.8 - 2 1 5 . 4 -213.6 -
4 - T h i o p y r o n e  (4.59) - -208.8* -212.0* -
( *  s a m p l e  i n  C D C I 3 )
E x c l u d i n g  (4.39d), w h i c h  s h o w s  a  heavy atom  e f f e c t ,  t h e  o n l y  c o m p l e x  w h i c h  
d e v i a t e s  s i g n i f i c a n t l y  f r o m  t h e  8 -200 r e g i o n  i s  (4.39a). T h i s  m a y  b e  t h e  o n l y  
c o m p o u n d  w h e r e  t h e  d e g r e e  o f  s u b s t i t u t i o n  m e a s u r a b l y  a f f e c t s  t h e  ^ ^ ^ S n  c h e m i c a l  s h i f t .  
(4.39a) i n v o l v e s  t h e  p o o r e s t  ‘ n u c l e o p h i l e ’  c o o r d i n a t i n g  t o  t h e  l e a s t  ‘ e l e c t r o p h i l i c ’  t i n  
c e n t r e  a n d  s o  c o n t a i n s  t h e  w e a k e s t  n u c l e o p h i l i c  a t t a c k  a t  t i n .  T h i s  g i v e s  r i s e  t o  t h e  l e a s t  
s h i e l d e d  ^  ^ ^ S n  r e s o n a n c e  o f  a l l  t h e  t i n  c o m p l e x e s .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  c r y s t a l
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s t r u c t u r e  d a t a  ( a s s u m i n g  t h e  s a m e  s t r u c t u r e  i n  t h e  s o l i d - s t a t e  a n d  s o l u t i o n ) .  T h e  
Sn-O(carbonyl) d i s t a n c e  o b s e r v e d  i n  c o m p l e x  (4.39a) ( 2 . 4 4 Â )  i s  0 . 2 0 Â  l o n g e r  t h a n  t h e  
n e x t - l o n g e s t  s u c h  m e a s u r e d  d i s t a n c e  ( 2 . 2 4 Â  i n  c o m p l e x  (4.39b)). T h e  r e m a i n i n g  
Sn-O(carbonyl) d i s t a n c e s  a r e  r e l a t i v e l y  s i m i l a r  -  o c c u r r i n g  i n  a  n a r r o w  r a n g e  f r o m  2 . 2 3  t o
2 . 1 8 Â .
T h r o u g h o u t  t h e  s e r i e s  o f  complexes s y n t h e s i s e d  ((4.39a-d), (4.46a-c) (4.48), 
(4.58a-c) a n d  (4.59b/c)), b r o a d l y  s i m i l a r ,  h i g h l y  p e n t a c o o r d i n a t e  s t r u c t u r e s  h a v e  b e e n  
o b s e r v e d ,  l a r g e l y  i n d e p e n d e n t  o f  ‘ l e a v i n g  g r o u p ’ ,  l i g a n d  ‘ n u c l e o p h i l i c i t y ’  o r  t h e  
s o f t n e s s  o f  t h e  ‘ n u c l e o p h i l i c ’  a t o m .  T h i s  c o n f i r m s  t h a t  t i n  ( I V ) ’ s  p r e f e r e n c e  f o r  t h e  
f o r m a t i o n  a n d  s t a b i l i s a t i o n  o f  c o o r d i n a t i o n  s t a t e s  h i g h e r  t h a n  f o u r  i s  m u c h  g r e a t e r  t h a n  
i s  t h e  c a s e  f o r  s i l i c o n .  I n  t h i s  s e n s e  t i n  ( I V )  a c t s  f a r  m o r e  l i k e  a  t r a n s i t i o n  m e t a l  t h a n  
s i l i c o n .  T h e  p a r t i c u l a r  g e o m e t r y  o f  t h e  l i g a n d  a p p e a r s  p a r t i c u l a r l y  s u i t e d ,  i n  
c o m b i n a t i o n  w i t h  t h e  o t h e r  s u b s t i t u e n t s  a t  t i n ,  t o  t h e  f o r m a t i o n  o f  s t r o n g  5 - c o o r d i n a t e  
c o m p l e x e s .  I t  i s  t h i s  c h a r a c t e r i s t i c  w h i c h  c a u s e s  o u r  c o m p l e x e s  t o  d e v i a t e  f r o m  t h e  
t r e n d  o f  F i g u r e  4 . 2 9 .  T h e r e f o r e  i n s t e a d  o f  m o d e l l i n g  s u b s t i t u t i o n ,  w e  a r e  l a r g e l y  
m o d e l l i n g  t i n  c o o r d i n a t i o n  n u m b e r  e x p a n s i o n .
4.5: A pentacoordinate silicon com plex of maltol 
Figure 4.31
(4.1)
E t 2N S i M e 3
T o l u e n e ,  A ,  5  h o u r s .
. 0 ^  . M e
O S i M e g  
O  (4.60)
T h e  p r e p a r a t i o n  o f  a  s i l i c o n  a n a l o g u e  
o f  t h e  t i n / m a l t o l  c o m p o u n d s  w i l l  
a l l o w  a  d i r e c t  c o m p a r i s o n  o f  t h e  
a b i l i t y  o f  t h e  t w o  m e t a l s  t o  f o r m
h y p e r c o o r d i n a t e  c o m p l e x e s .  (4.60), t h e  t r i m e t h y l s i l y l a t e d  f o r m  o f  (4.1), w a s  p r e p a r e d  
f r o m  (4.1) u s i n g  t r i m e t h y l s i l y l d i e t h y l a m i n e  ( F i g u r e  4 . 3 1 ) .  T h e  c h l o r o d i p h e n y l s i l y l  
c o m p l e x ,  (4 .61), w a s  t h e n  i s o l a t e d  f r o m  a  d r y  a c e t o n i t r i l e  s o l u t i o n  o f  
d i c h l o r o d i p h e n y l s i l a n e  a n d  (4.60) ( F i g u r e  4 . 3 2 ) .
-139-
Figure 4.32
M eP h . S i C l
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(4.61)
S i n g l e  c r y s t a l s  s u i t a b l e  f o r  X - r a y  s t r u c t u r e  
a n a l y s i s  w e r e  p r e p a r e d  b y  c o o l i n g  a  
c o n c e n t r a t e d  a c e t o n i t r i l e  s o l u t i o n  i n  a  
r e f r i g e r a t o r  a t  3 ° C  f o r  2  d a y s .  T h e  O R T E P  
d i a g r a m  i s  p r e s e n t e d  i n  F i g u r e  4 . 3 3 .  T w o
m o l e c u l e s  a r e  p i c t u r e d  a s  t h e  u n i t  c e l l  c o n t a i n s  t w o  i n d e p e n d e n t  m o l e c u l e s .  T h e  
g e o m e t r y  o f  t h e  s i l i c o n  c o m p l e x  ( M  =  S i )  i s  v i s u a l l y  c o m p a r e d  t o  i t s  t i n  a n a l o g u e  
(4.39b) ( M  =  S n )  i n  F i g u r e  4 . 3 4  a n d  b y  t h e i r  k e y  c r y s t a l l o g r a p h i c  d a t a  i n  T a b l e  4 . 1 2 .  
Table 4.12
M - X
(/Â)
M-0 (c=0 )
(/A)
M - 0
(/A)
0 - M - 0 ( c = 0 )
( / “ )
0 ( C = 0 )  M - X  
( / " )
S u m  o f  
e q u a t o r i a l  
a n g l e s  ( / ° )
(4.61)* 2.21 1 . 9 7 1 . 7 3 84^ 169/1 3593
(4.39b) 2.43 2.24 2.05 7&8 163T 358X)
*  M e a n  v a l u e s
Figure 4.33
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Figure 4.34
(4.61) (4.39b)
T h e  r i g i d  n a t u r e  o f  t h e  l i g a n d  b a c k b o n e  a n d  t h e  g r e a t e r  c o v a l e n t  r a d i u s  o f  t i n  
c o m p a r e d  t o  s i l i c o n  c a u s e s  (4.39b) t o  h a v e  a  m o r e  d i s t o r t e d  p e n t a c o o r d i n a t e  t r i g o n a l  
b i p y r a m i d a l  g e o m e t r y  t h a n  (4.61). T h i s  i s  s h o w n  i n  t h e  0(carbonyi)-M-X d i a x i a l  b o n d  
a n g l e  w h i c h  i s  m o r e  d i s t o r t e d  f r o m  t h e  i d e a l  1 8 0 °  a n d  t h e  s u m  o f  t h e  e q u a t o r i a l  b o n d  
a n g l e s  w h i c h  i s  m o r e  d i s t o r t e d  f r o m  t h e  i d e a l  3 6 0 ° .  A s  t h e  t i n  i s  s i t u a t e d  f u r t h e r  a w a y  
f r o m  t h e  m a l t o l  l i g a n d ,  i t s  O-M-O ‘ b i t e ’  a n g l e  i s  s m a l l e r .  T h e  Sn-O(carbonyi) d i s t a n c e  i s  
c o n s i d e r a b l y  c l o s e r  t o  a  f u l l  Sn-O b o n d  ( a b o u t  2 Â )  t h a n  t h e  Si-O(carbonyi) b o n d  i s  t o  a  
f u l l  Si-O b o n d  ( a b o u t  1 . 5 Â ) .  T h e r e f o r e ,  a s  e x p e c t e d ,  t i n  i s  t h e  b e t t e r  ‘ e l e c t r o p h i l e ’ .
I n  o r d e r  t o  c o m p a r e  t h e  e x t e n s i o n  o f  d i f f e r e n t  S i - X  b o n d s  i n  C h a p t e r  2 ,  a  
‘ p e r c e n t a g e  S i - X  b o n d  e x t e n s i o n ’  t e r m  w a s  u s e d .  T h e  c a l c u l a t i o n s  r e l i e d  o n  v a l u e s  o f  
t h e  c r y s t a l  i o n i c  r a d i i  f o r  S i +  a n d  X  f o r  s u c c e s s .  H o w e v e r ,  w e  a r e  u n a w a r e  t h a t  a  v a l u e  
f o r  S n +  i s  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  I n s t e a d ,  a  m o r e  g e n e r a l  percentage length t e r m  
s h a l l  b e  u s e d  f o r  a  c o m p a r i s o n  o f  h y p e r v a l e n t  b o n d i n g  i n  s i l i c o n  a n d  t i n .  W e  d e f i n e  t h i s  
a s :
V a l u e s  o f  t y p i c a l  b o n d  l e n g t h s  i n v o l v i n g  t i n  a r e  t h o s e  u s e d  b y  D u n i t z ^ l  
( p a g e  1 3 6 ) .  T y p i c a l  b o n d  l e n g t h s  i n v o l v i n g  s i l i c o n  a r e  t h o s e  q u o t e d  i n  T a b l e  2 . 1 0 .  
T h e r e f o r e  i f  t h e  p e r c e n t a g e  l e n g t h  o f  M - O  a n d  M - X  b o n d s  i n  c o m p l e x e s  (4.61) a n d  
(4.39b) w e r e  c a l c u l a t e d  a n d  s u m m e d ,  v a l u e s  i n  e x c e s s  o f  2 0 0 %  w o u l d  b e  e x p e c t e d .  
S u m m e d  v a l u e s  c l o s e  t o  2 0 0 %  r e p r e s e n t  c o m p l e x e s  c o n t a i n i n g  s t r o n g  M - O  a n d  M - X  
b o n d s  w h e r e  M  p r e f e r s  t o  i n c r e a s e  i t s  c o o r d i n a t i o n  n u m b e r  w h e n  a  ‘ n u c l e o p h i l e
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a t t a c k s ’ .  T h e  l a r g e r  t h e  s u m  o f  t h e  p e r c e n t a g e s  t h e  m o r e  M  f a v o u r s  a  loose  
p e n t a c o o r d i n a t e  s t a t e .  I n  t e r m s  o f  o u r  n u c l e o p h i l i c  a t t a c k  m o d e l ,  t h e  e x t e n t  o f  b o n d  
f o r m a t i o n  m a t c h e s  t h a t  o f  b o n d  b r e a k i n g .  T o t a l s  o f  2 5 0 %  f o r  ( 4 . 6 1 )  a n d  2 2 8 %  f o r  
( 4 . 3 9 b )  a r e  o b t a i n e d .  T h i s  c o n f i r m s  t i n s  g r e a t e r  a b i l i t y  t o  e x p a n d  i t s  c o o r d i n a t i o n  
n u m b e r  f r o m  f o u r  t o  f i v e .
T h e  s t r u c t u r e  o f  ( 4 . 6 1 )  c a n  a l s o  b e  c o m p a r e d  t o  t h a t  o f  t h e  q u i n o l i n e  s i l y l -  
c h l o r i d e  c o m p l e x  ( 2 . 2 5 b )  ( T a b l e  4 . 1 3 ) .
T a b
. , \ \  M e
M e
e 4 . 1 3
C o m p l e x Si"0(carbonvl) ( / A ) S F C l ^ Â )
( 4 . 6 1 ) 1 . 9 7 2 2 1
( 2 . 2 5 b ) 1 . 9 4 2 3 2
( 2 . 2 5 b )
C o m p l e x  ( 2 . 2 5 b )  c o n t a i n s  a  s h o r t e r  0(carbonyl)-Si i n t e r a c t i o n  a n d  a  l o n g e r  S i - C l  
b o n d  w h i c h  r e p r e s e n t s  ‘ s u b s t i t u t i o n ’  frozen  m a r g i n a l l y  f u r t h e r  t o w a r d s  c o m p l e t i o n .  T h e  
m a l t o l  l i g a n d  i s  t h e r e f o r e  t h e  s l i g h t l y  p o o r e r  ‘ n u c l e o p h i l e ’ .
4.6: Tem perature, concentration and solvent dependence of the 
chem ical shift
I n  p r a c t i c e  i t  h a s  p r o v e d  d i f f i c u l t  t o  o b t a i n  c o n s i s t e n t  ^  ^ ^ S n  N M R  c h e m i c a l  
s h i f t s  f o r  t h e  t i n  c o m p l e x e s  i n  C D 3 C N .  S i n c e  X - r a y  d a t a  h a s  s h o w n  t h a t  t h e  
i n t r a m o l e c u l a r  c o o r d i n a t i o n  i s  l a r g e l y  i d e n t i c a l  i n  a l l  t h e  c o m p l e x e s ,  f l u c t u a t i o n s  i n  t h e  
c h e m i c a l  s h i f t  i n  s o l u t i o n  a r e  a l m o s t  c e r t a i n l y  d e r i v e d  f r o m  i n d e p e n d e n t  
p r o c e s s e s  r e l a t e d  t o  t h e  i n t e r a c t i o n ,  1 , b e t w e e n  t h e  s o l v e n t  a n d  t h e  p e n t a c o o r d i n a t e  
S n  ( I V )  c e n t r e  o r ,  2 ,  b e t w e e n  c o m p l e x  m o l e c u l e s  t h e m s e l v e s .
T h e  f i r s t  e f f e c t  a r i s e s  b e c a u s e  a c e t o n i t r i l e  c o n t a i n s  a  n i t r o g e n  l o n e  p a i r  c a p a b l e  
o f  c o o r d i n a t i o n  t o  t h e  t i n .  S i n c e  t i n  c a n  r e a d i l y  e x p a n d  i t s  c o o r d i n a t i o n  n u m b e r  t o  s i x ,  i t  
i s  p o s s i b l e  t h a t ,  f o r  e x a m p l e ,  a  h e x a c o o r d i n a t e  s o l v e n t  c o m p l e x  ( [ 4 . 6 2 ] )  m a y  e x i s t  i n  
f a s t  e q u i l i b r i u m  w i t h  ( 4 . 3 9 c )  a n d  f r e e  s o l v e n t  ( F i g u r e  4 . 3 5 ) .  T h e  h i g h e r  t h e  
c o n c e n t r a t i o n  o f  t h i s  h e x a c o o r d i n a t e  s p e c i e s ,  t h e  l o w e r  t h e  ^  l ^ S n  c h e m i c a l  s h i f t .  T h i s  
‘ r e a c t i o n ’  i s  e x o t h e r m i c  s u c h  t h a t  t h e  6 - c o o r d i n a t e  s t a t e  i s  f a v o u r e d  o v e r  t h e  
f i v e - c o o r d i n a t e  s t a t e  a t  l o w e r  t e m p e r a t u r e s .  T h e  p r o c e s s  i s  s o l v e n t  d e p e n d a n t  a n d  s o  
l e s s  ’ n u c l e o p h i l i c ’  s o l v e n t s  a r e  u n l i k e l y  t o  p r o m o t e  i t .
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Figure 4.35
(maltol)Ph2SnBr
(4.39c)
CH3CN [(maltoOPhzBrSn^-NCCHg]
([4.62])
T h e  s e c o n d  e f f e c t  a r i s e s  f r o m  h a l o g e n - b r i d g i n g  i n t e r a c t i o n s .  T h i s  m a y  l e a d  t o ,  
f o r  e x a m p l e ,  a  d i m e r  s p e c i e s  ([4.63]) c o n t a i n i n g  t w o  h e x a c o o r d i n a t e  t i n  a t o m s  i n  f a s t  
e q u i l i b r i u m  w i t h  p e n t a c o o r d i n a t e  c o m p l e x  m o n o m e r s  ( F i g u r e  4 . 3 6 ) .
Figure 4.36
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D i l u t i o n  r e d u c e s  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  t h e  h e x a c o o r d i n a t e  d i m e r  w i t h  
r e s p e c t  t o  t h e  p e n t a c o o r d i n a t e  m o n o m e r  l e a d i n g  t o  ’  l ^ S n  c h e m i c a l  s h i f t s  o f  l o w e r  f i e l d .  
S t a b l e  d i m e r  c o m p l e x e s  c o n t a i n i n g  p a i r s  o f  h a l o g e n  b r i d g e s  c a n  s o m e t i m e s  b e  i s o l a t e d  
i n  t h e  s o l i d  s t a t e ,  f o r  e x a m p l e ,  (1.64).
4.6.1: Variable temperature NMIR studies on complex (4.39c)
T w o  s o l u t i o n s  o f  (4.39c) w e r e  p r e p a r e d  o f  i d e n t i c a l  c o n c e n t r a t i o n  ( 0 . 4 M ) ,  o n e  
i n  d e u t e r o c h l o r o f o r m ,  t h e  o t h e r  i n  d g - a c e t o n i t r i l e .  T h e  ^ ^ ^ S n  c h e m i c a l  s h i f t  w a s  
m e a s u r e d  a t  a  r a n g e  o f  t e m p e r a t u r e s  a b o v e  a n d  b e l o w  r o o m  t e m p e r a t u r e .  T h e  d a t a  i s  
p r e s e n t e d  i n  T a b l e  4 . 1 4  a n d  F i g u r e  4 . 3 7 .
W h e n  t h e  c o m p l e x  s o l u t i o n s  w e r e  r e t u r n e d  t o  r o o m  t e m p e r a t u r e  a f t e r  t h e  
e x p e r i m e n t ,  t h e  c h e m i c a l  s h i f t s  r e v e r t e d  t o  t h e i r  o r i g i n a l  r o o m  t e m p e r a t u r e  v a l u e s .  
C h a n g e s  t o  t h e  c h e m i c a l  s h i f t s  w e r e  t h u s  c a u s e d  b y  a  t e m p e r a t u r e - d e p e n d a n t  e q u i l i b r i a .  
S i n c e  c h a n g i n g  t h e  s o l v e n t  d r a s t i c a l l y  r e d u c e s  t h e  e f f e c t  o f  t e m p e r a t u r e  o n  t h e  l ^ ^ S n  
c h e m i c a l  s h i f t s ,  r e v e r s i b l e  s o l v e n t  c o m p l e x a t i o n  i s  t h e  p r o b a b l e  c a u s e  o f  t h e  
d e p e n d e n c y  o f  t h e  ^ ^ ^ S n  c h e m i c a l  s h i f t  o n  t e m p e r a t u r e .  I f  d i m é r i s a t i o n  w e r e  t h e  k e y  
p r o c e s s  f o r  t h e  t e m p e r a t u r e  e f f e c t ,  t h e n  c h a n g i n g  t h e  s o l v e n t  f r o m  C D 3C N  ( a  p o l a r  
o r g a n i c  s o l v e n t )  t o  C D C I 3 ( a  m o d e r a t e l y  p o l a r  o r g a n i c  s o l v e n t )  s h o u l d  n o t  s i g n i f i c a n t l y  
c h a n g e  i t s  d e p e n d e n c e  o n  t e m p e r a t u r e .  T h e  f a c t  t h a t  t h e  p l o t s  c r o s s  i m p l i e s  t h a t  b o t h
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Table 4.14
T e m p e r a t u r e
( / T )
1  l ^ S n  c h e m i c a l  s h i f t  o f  ( 4 . 3 9 c )  ( / p p m )
C D C I 3 C D 3C N
6 5 - - 1 4 4 . 7
5 5 - - 1 5 4 . 3
4 5 - 1 9 5 . 5 - 1 6 6 . 5
3 5 - 1 9 5 . 0 - 1 7 7 . 6
2 5 - 1 9 4 . 4 - 1 8 7 . 0
20 - 1 9 4 . 1 - 1 9 1 . 5
10 - 1 9 3 . 5 - 1 9 9 . 5
0 - 1 9 3 . 1 - 2 0 8 . 1
-10 - 1 9 2 . 6 - 2 1 7 . 3
-20 - 1 9 2 . 2 - 2 2 6 . 3
- 3 0 - 1 9 1 . 7 - 2 3 4 . 7
- 4 0 - 1 9 1 . 3 -
- 5 0 - 1 9 1 . 9 -
- 5 5 - 1 9 0 . 7 -
F i g u r e  4 . 3 7
The effect of tem perature on the chemical shift of
 ^  ^ complex (4.39c) in CDCF and CD,CN solutions
4 0  -  ‘
- 200 -
d  - 2 1 0 -  
xn
2  - 220 -
S o l v e n t
CDCI3
S o l v e n t
CD 3 CN
- 6 0  - 5 0  - 4 0  - 3 0  - 2 0 - 1 0  0  1 0  2 0  3 0  4 0  5 0  6 0  7 0  
T e m p e r a t u r e  ( / ° C )
s o l v e n t s  h a v e  t h e  s a m e  d e g r e e  o f  i n t e r a c t i o n  w i t h  t h e  c o m p l e x  a t  t h a t  p a r t i c u l a r  
t e m p e r a t u r e  ( a b o u t  2 0 ° C ) .  I t  a l s o  i m p l i e s  t h a t  t h e  C D C I 3 m u s t  i n t e r a c t  w i t h  ( 4 . 3 9 c ) ,  b u t  
t h a t  t h e  i n t e r a c t i o n  r e m a i n s  c o n s t a n t  w i t h  t e m p e r a t u r e .  W e  c a n n o t  e x p l a i n  w h y  t h e  p l o t s  
c r o s s  i n  t h i s  f a s h i o n .
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4.6.2: Variable concentration studies
T h e  N M R  c h e m i c a l  s h i f t  o f  ( 4 . 3 9 c )  w a s  m e a s u r e d  i n  2 5 ° C  C D 3C N
s o l u t i o n s  a t  a  v a r i e t y  o f  c o n c e n t r a t i o n s .  T h e  r e s u l t s  a r e  s h o w n  i n  T a b l e  4 . 1 5  a n d  p l o t t e d  
i n  F i g u r e  4 . 3 8 .
Table 4.15
S o l u t i o n  
c o n c e n t r a t i o n  ( / M )
0 . 4 1 0 . 3 4 0 3 0 ( 1 2 6 0.21 0 . 1 7 0 . 1 5
5  ( / p p m ) - 2 0 1 . 7 - 1 9 8 . 9 - 1 9 7 . 0 - 1 9 6 . 3 - 1 9 2 . 6 - 1 8 9 . 5 - 1 8 6 . 5
Figure 4.38
Variable concentration Sn NMR study of 
CD3CN solutions of (4.39c) at 25“C
w  - 2 0 0 -
- 2 0 2 -
0 . 1 0  0 . 1 5  0 . 2 0  0 . 2 5  0 . 3 0  0 . 3 5
C o n c e n t r a t i o n  o f  (4.39c )  ( / M )
0 . 4 0 0 . 4 5
T h e  d o w n  f i e l d  m o v e m e n t  o f  t h e  o b s e r v e d  i ^ ^ S n  s h i f t  w i t h  i n c r e a s e d  d i l u t i o n  i s  
i n  a g r e e m e n t  w i t h  t h e  r e v e r s i b l e  f o r m a t i o n  o f  d i m e r  c o m p l e x e s .  W e  w o u l d  e x p e c t  t h a t  
a n y  s o l v e n t  i n t e r a c t i o n  w o u l d  n o t  b e  a f f e c t e d  b y  i n c r e a s e d  d i l u t i o n  u n l e s s  t h e r e  i s  a  
l a r g e  c h a n g e  i n  d i e l e c t r i c  c o n s t a n t  a n d  t h u s  w o u l d  h a v e  l i t t l e  e f f e c t  o n  t h e  c h e m i c a l  
s h i f t .  T h e s e  s t u d i e s  t h u s  s u g g e s t  t h a t  i n  a c e t o n i t r i l e  b o t h  d i m é r i s a t i o n  a n d  s o l v e n t  
i n t e r a c t i o n  a r e  p r e s e n t .
A  C D 3 C N  s o l u t i o n  c o n t a i n i n g  a  1 : 1  m i x t u r e  o f  t h e  c h l o r i d e  (4.39b) a n d  t h e  
b r o m i d e  (4.39c) ( b o t h  a p p r o x i m a t e l y  0 . 2 M )  c o m p l e x e s  g i v e s  r i s e  t o  o n l y  a  s i n g l e  ^ ^ ^ S n  
N M R  p e a k  i n  t h e  t e m p e r a t u r e  r a n g e  2 0 ° C  t o  - 5 0 ° C .  T h i s  s u g g e s t s  t h a t ,  u n l e s s  t h e  
r e s o n a n c e s  a r e  a c c i d e n t a l l y  e q u i v a l e n t ,  t h e r e  i s  a  f a s t  ( o n  t h e  N M R  t i m e s c a l e )  
i n t e r m o l e c u l a r  e x c h a n g e  o f  h a l o g e n  a t o m s  g i v i n g  r i s e  t o  a n  a v e r a g e  t i n  s i g n a l .  O n  
c o o l i n g  t h e  r e s o n a n c e  m o v e s  m o r e  u p  f i e l d  ( T a b l e  4 . 1 6 ) .  T h i s  a g a i n  s u g g e s t s  t h a t  i n
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C D 3C N  s o l u t i o n s  b o t h  s o l v e n t  c o o r d i n a t i o n  a n d  h a l o g e n  b r i d g i n g  o c c u r s ,  a n d  t h a t  t h e  
e q u i l i b r i u m  c o n s t a n t  f o r  t h e  s o l v e n t - t i n  c o m p l e x a t i o n  i s  a f f e c t e d  b y  t e m p e r a t u r e  m u c h  
m o r e  t h a n  d i m é r i s a t i o n .
T a b l e  4 . 1 6
T e m p '  ( / ° C ) 20 10 0 -10 -20 - 3 0 - 4 0 - 5 0
6 l ^ S n  
1 : 1  ( 4 . 3 9 b / c )
- 2 0 & 4 - 2 1 6 J - 22& 2 -  2 3 8 3 - 2 4 6 ^ -  2 5 4 . 1 - 2 6 0 3 - 2 6 6 3
F i g u r e  4 . 3 9
N C C H .
t
S 11C I 3
t
O
C H 3C N
o
O R ( 4 . 6 4 )  R O
( R  =  M e ,  ‘ P r ,  A r )
N C C H 3
I
■  S n C L
t
N C C H 3
( 4 . 6 5 )
C o o r d i n a t i o n  o f  a c e t o n i t r i l e  t o  t i n  i s  
a l r e a d y  w e l l  k n o w n  a n d  i n d e e d  a  s t a b l e  
2 : 1  c o m p l e x  o f  C H 3C N  a n d  S n C l ^  h a s  
b e e n  c h a r a c t e r i s e d  i n  t h e  s o l i d  s t a t e .  ^  88 
I n  a c e t o n i t r i l e  s o l u t i o n ,  s t r u c t u r e s  o f  
t y p e  ( 4 . 6 4 )  a r e  s t a b l e  a n d  s t u d i e s  o f
t h e i r  i n t e r c o n v e r s i o n  t o  r i n g  o p e n e d  f o r m  ( 4 . 6 5 )  b y  a t t a c k  o f  a  s e c o n d  s o l v e n t  m o l e c u l e  
h a v e  b e e n  p e r f o r m e d  ( F i g u r e  4 . 39 ) .  ^ 8 9  j ^ e  p o s i t i o n  o f  t h e  I R  b a n d s  f o r  t h e  c o o r d i n a t e d  
a n d  u n c o o r d i n a t e d  c a r b o n y l  g r o u p s  d i s t i n g u i s h  t h e  s t r u c t u r e s  a p a r t .
4.7: The effect o f added nucleophile on five coordinate silicon and tin 
centres
4 . 7 . 1 :  S i l i c o n  c o m p l e x  ( 4 . 6 1 )
A l i q u o t s  o f  t h e  n u c l e o p h i l e  N - m e t h y l  i m i d a z o l e  ( N M I )  w e r e  a d d e d  t o  a  C D C I 3
s o l u t i o n  o f  c o m p l e x  ( 4 . 6 1 )  a n d  t h e  2 9 S i  N M R  s p e c t r a  r e c o r d e d .  A  s o l u t i o n  o f  ( 4 . 6 1 )
g a v e  a  r e s o n a n c e  a t  6  - 8 5 . 3  f o r  t h e  p e n t a c o o r d i n a t e d  
s i l i c o n .  U p o n  a d d i t i o n  o f  o n e  e q u i v a l e n t  o f  N M I ,  a  s i n g l e  
s h a r p  r e s o n a n c e  a t  6  - 7 2 . 2  a p p e a r e d ,  w h i l e  t h e  o r i g i n a l ,  a n d  
s t i l l  t h e  m a j o r ,  p e a k  b r o a d e n e d  s l i g h t l y  a n d  m o v e d  t o  
6  - 8 7 . 6 .  W i t h  a  s e c o n d  e q u i v a l e n t  o f  N M I ,  t h e  r e s o n a n c e  a t  
Ô  - 7 2 . 2  r e m a i n e d  u n c h a n g e d  w h i l e  t h e  s e c o n d  p e a k  
b r o a d e n e d  s i g n i f i c a n t l y  i n t o  t h e  b a s e l i n e  a t  a b o u t  Ô  - 8 9 .  I n
c o m p a r i s o n ,  a  s t u d y  o f  t h e  i n t e r a c t i o n  o f  c o m p l e x  ( 1 . 3 8 )
w i t h  N M I  i n  s o l u t i o n  h a s  b e e n  r e p o r t e d .  A  s o l u t i o n  o f
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M e -
M e  M e  
O ^ s i — C l
N -
M e
S i — C l
i
M e  
( 1 . 3 8 )
(1.38) g a v e  a  N M R  c h e m i c a l  s h i f t  o f  6 - 3 9  f o r  t h e  p e n t a c o o r d i n a t e  s i l i c o n  a n d  
Ô  2 6 . 8  f o r  t h e  t e t r a c o o r d i n a t e  s i l i c o n .  W h e n  h a l f  a n  e q u i v a l e n t  o f  N M I  w a s  p r e s e n t ,  t h e  
s i g n a l  a t  Ô  - 3 9  b r o a d e n e d  a l m o s t  c o m p l e t e l y  i n t o  t h e  b a s e  l i n e .  W h e n  a n  e q u i v a l e n t  o f  
N M I  h a d  b e e n  a d d e d ,  i t  s h a r p e n e d  s l i g h t l y  w i t h  a  c h e m i c a l  s h i f t  o f  ô  - 5 4 .  F i n a l l y ,  w i t h  
t w o  e q u i v a l e n t s  o f  N M I  t h i s  p e a k  h a d  s h a r p e n e d  t o  a  n o r m a l  l i n e  w i d t h  a n d  r e t a i n e d  t h e  
s a m e  c h e m i c a l  s h i f t .  M e a n w h i l e  t h e  t e t r a c o o r d i n a t e  s i l i c o n s  c h e m i c a l  s h i f t  r e m a i n e d  
l a r g e l y  u n a f f e c t e d .  T h i s  r e v e a l e d  t h a t  s u b s t i t u t i o n  w a s  t a k i n g  p l a c e  e x c l u s i v e l y  a t  t h e  
p e n t a c o o r d i n a t e  s i l i c o n  c e n t r e  y i e l d i n g  a  s p e c i e s  ([4.66]) ( F i g u r e  4 . 4 0 ) .
O u r  o b s e r v a t i o n s  o f  c o m p l e x  (4.61) a r e  t h a t  i t s  Z ^ S i  N M R  p e a k  b r o a d e n s  a n d  
b e c o m e s  m o r e  s h i e l d e d  t h e  m o r e  N M I  a d d e d .  T h i s  i s  c o n s i s t e n t  w i t h  e x c h a n g e  o f  N M I  
a n d  c h l o r i d e  i o n  t a k i n g  p l a c e  t o  g i v e  ([4.67]). A t t e m p t s  t o  i s o l a t e  ([4.67]) y i e l d e d  o n l y  
(4.61) a n d  N M I .  I n  c o n t r a s t  t o  t h e  s t u d y  o f  (1.38), w e  d o  n o t  o b s e r v e  a  s h a r p e n i n g  o f  
t h e  2 9 g i  r e s o n a n c e  i n  t h e  s o l u t i o n  c o n t a i n i n g  t w o  e q u i v a l e n t s  o f  N M I .  T h i s  s u g g e s t s  
t h a t  t h e  e q u i l i b r i u m  b e t w e e n  (4.61) a n d  ([4.67]) i s  s l o w e r  o n  t h e  N M R  t i m e s c a l e  t h a n  
b e t w e e n  (1.38) a n d  ([4.66]). W e  a r e  u n a b l e  t o  e x p l a i n  t h e  a p p e a r a n c e  o f  t h e  s h a r p  p e a k  
a t  Ô  - 7 2 . 2 ;  t h o u g h  i t  i s  o n l y  a  m i n o r  c o m p o n e n t  o f  t h e  s o l u t i o n .
Figure 4.40
M e
M e  M e
V
O ^ S i — C l
N -  
1
CH^SiMezCl
(1.38)
4- N M I
- N M I
M e -
M e  M e
1 /  ,  
0 - * - S i - - - - - -  N M I cr
N '
I
CHzSiMezCI
([4.66])
M e
4- N M I
- N M I
P h ^ h
C l
M e
N M I
C l
(4.61)
P h  V h  
([4.67])
T h e  f a c t  t h a t  t h e  a d d i t i o n  o f  N M I  t o  (1.38) l e d  i n i t i a l l y  t o  p e a k  b r o a d e n i n g  b u t  a  
s h a r p  p e a k  w a s  o b t a i n e d  w i t h  t w o  e q u i v a l e n t s  o f  N M I ,  y e t  a d d i t i o n  o f  t w o  e q u i v a l e n t s  
o f  N M I  t o  (4.61) l e d  o n l y  t o  a  b r o a d e n e d  s i g n a l ,  s u g g e s t s  t h a t  t h e  e q u i l i b r i u m  f o r  t h e  
f o r m a t i o n  o f  (4.66) l i e s  f u r t h e r  t o  t h e  r i g h t  t h a n  t h a t  o f  (4.67).
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4.7.2 : Tin complex (4.39b)
T h e  a d d i t i o n  o f  o n e  e q u i v a l e n t  o f  N M I  t o  a  s o l u t i o n  o f  c o m p l e x  (4.39b) s a w  t h e  
d i s a p p e a r a n c e  o f  t h e  l ^ ^ S n  p e a k  f o r  t h e  p e n t a c o o r d i n a t e  t i n  a t  Ô  - 2 0 5 . 0  a n d  t h e  
a p p e a r a n c e  o f  a  s h a r p  r e s o n a n c e  o f  6  - 3 5 2 . 4 .  T h i s  s h i f t e d  t o  6  - 3 5 2 . 7  w i t h  a  s e c o n d  
e q u i v a l e n t  o f  N M I .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  e x p a n s i o n  o f  t h e  c o o r d i n a t i o n  s p h e r e  o f  
t i n  t a k i n g  p l a c e  t o  g i v e  a  h e x a c o o r d i n a t e  s p e c i e s  (4.68) i n  s o l u t i o n  ( F i g u r e  4 . 4 1 ) .
Figure 4.41
M eO , M e
O
+  N M I
- N M I O P h
O — ►  S n  C l
i i
P h  P h  
(4.39b)
O -
I  /
S n  C l
P h ' ^  I  
N M I  
(4.68)
O n  s t a n d i n g  f o r  3 0  m i n u t e s ,  
c o l o u r l e s s  c r y s t a l s  f o r m e d  f r o m  
t h e  s o l u t i o n .  T h e  c r y s t a l s  w e r e  
n o t  s u f f i c i e n t l y  s o l u b l e  i n  
c o m m o n  N M R  s o l v e n t s  t o  b e  
a n a l y s e d  b y  N M R  s p e c t r o s c o p y .  
T h e  E l  m a s s  s p e c t r u m  o f  t h e
c r y s t a l s  f a i l e d  t o  s h o w  a n y  f r a g m e n t s  c o n t a i n i n g  t h e  m a l t o l  l i g a n d .  A l s o ,  m i c r o a n a l y s e s  
( c a r b o n ,  h y d r o g e n  a n d  n i t r o g e n )  o f  t h e  c r y s t a l  ( T a b l e  4 . 1 7 )  w e r e  i n c o n s i s t e n t  w i t h  
(4.68). C r y s t a l s  s u i t a b l e  f o r  X - r a y  a n a l y s i s  w e r e  g r o w n  f r o m  a  p r e p a r a t i v e  s c a l e  
r e a c t i o n  o f  (4.39b) w i t h  o n e  e q u i v a l e n t  o f  N M I  i n  a c e t o n i t r i l e .  T h e  X - r a y  s t r u c t u r e  
( F i g u r e  4 . 4 2 )  ( w i t h  h y d r o g e n s  o m i t t e d )  o f  a  s i n g l e  c r y s t a l  o f  t h e  m a t e r i a l  r e v e a l e d  t h e  
p r o d u c t  t o  b e  d i c h l o r o b i s ( N - m e t h y l i m i d a z o l e ) d i p h e n y l t i n ,  (4.69). T h e  m i c r o a n a l y s i s  
r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  (4.69)’s  t h e o r e t i c a l  c o m p o s i t i o n .
Table 4.17
%C %H %N
(4.68) 5 1 . 2 5 4 . 1 1 5.43
F o u n d  1 4T63 4 . 5 0 1 0 . 8 4
F o u n d  2 4T46 4 . 6 7 11.21
(4.69) 4T22 436 11.02
E a c h  p a i r  o f  t h e  t h r e e  t y p e s  o f  t i n  s u b s t i t u e n t  e x i s t  i n  a  trans r e l a t i o n s h i p  w i t h  
t h e  t h r e e  d i a x i a l  b o n d  a n g l e s  b e i n g  e x a c t l y  1 8 0 ° .  T h e  p h e n y l  g r o u p s  r i n g s  l i e  i n  t h e  
s a m e  p l a n e ,  a s  d o  t h e  N M I  f i v e - m e m b e r e d  r i n g s ;  t h o u g h  o n e  N M I  g r o u p  i s  r o t a t e d  1 8 0 °  
a b o u t  i t s  N - S n  b o n d  w i t h  r e s p e c t  t o  t h e  o t h e r  ( F i g u r e  4 . 4 3 ) .  T h e  t i n  i s  t h e r e f o r e
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Figure 4.42 (distances in picometers) Figure 4.43
Cl*
c e n t r o s y m m e t r i c  a n d  t h u s  a  c e n t r e  o f  i n v e r s i o n .  T h e  cis b o n d  a n g l e s  b e t w e e n  t h e  
d i f f e r e n t  g r o u p s  r a n g e  f r o m  9 1 . 2 °  t o  88 . 8 °  a n d  m e a n  t h a t  t h e  i n  h a s  a  h i g h l y  o c t a h e d r a l  
g e o m e t r y .  (4.69) i s  p r o b a b l y  o n e  o f  t h e  p r o d u c t s  o f  a  d i s p r o p o r t i o n a t i o n  e q u i l i b r i u m  o t
(4.68); (4.68) b e i n g  s o l u b l e  i n  a c e t o n i t r i l e  a n d  i n i t i a l l y  o b s e r v e d  i n  s o l u t i o n .  H o w e v e r ,  
t h e  i n s o l u b i l i t y  o f  (4.69) i n  a c e t o n i t r i l e  d r i v e s  t h e  e q u i l i b r i u m  f a r  o v e r  t o  t h e  r i g h t  a n d  
l e a d s  q u a n t i t a t i v e l y  t o  (4.69) w i t h  p r e s u m a b l y  t h e  c o - p r o d u c t ,  (4.19), r e m a i n i n g  i n  
s o l u t i o n  ( F i g u r e  4 . 4 4 ) .  W e  h a v e  n o t  i n v e s t i g a t e d  t h e  c o m p o s i t i o n  o f  t h e  s o l u t i o n  a f t e r
(4.69) h a s  b e e n  c r y s t a l l i s e d  a n d  s e p a r a t e d .
Figure 4.44
M e ,
2
S n — C l
P h ^  I  
(4.68) N M I
y
o /  P h  C l  M e
2
(4.19) (4-69)
D i s p r o p o r t i o n a t i o n  r e a c t i o n s  o f  t i n  a r e  w e l l  e s t a b l i s h e d .  F o r  e x a m p l e ,  d i l u t e  
t o l u e n e  s o l u t i o n s  o f  t r i p h e n y l ( 4 - a c e t y l p y r a z o l - . ‘ 5- o n a t o ) t i n  ( P h s S n f P M A P ) ) ,  (4.70), 
d i s p r o p o r t i o n a t e  o v e r  s e v e r a l  d a y s  g i v i n g  a  s o l u t i o n  o f  (4,71) a n d  c r y s t a l s  o f  (4,72) 
( F i g u r e  4 . 4 5 ) . ^ ^ ^
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Figure 4.45
2  P h g S n C P M A P )  —
(4.70)
Ph2Sn(PMAP)2
(4.71)
+  P h ^ S n  
( 4 . 7 2 )
N e a t  s a m p l e s  o f t e n  r e q u i r e  h i g h e r  t e m p e r a t u r e s  f o r  d i s p r o p o r t i o n  t o  b e  i n i t i a t e d .  
T r i o r g a n o t i n  h a l i d e s  ( R g S n X )  h e a t e d  t o  2 0 0 ° C  u n d e r g o  s o m e  d e g r e e  o f  d i s p r o p o r t i o n a t i o n  
a c c o r d i n g  t o  F i g u r e  4 . 4 6 .  ^ ^ 2  
Figure 4.46
2 R ^SnX  R 2SnX 2 +  R^Sn
T h e  s t r u c t u r e  o f  (4.69) i s  s i m i l a r  t o  o t h e r  k n o w n  c o m p l e x e s  o f  t h i s  t y p e .  B o t h  
m o l e c u l e s  o f  d i b r o m o d i c y c l o h e x y l b i s ( i m i d a z o l e ) t i n ,  (4.73), f o u n d  i n  i t s  c r y s t a l  s t r u c t u r e  
h a v e  a n  i d e n t i c a l ,  -àW-trans, c e n t r o s y m m e t r i c  s t r u c t u r e  a t  t i n  a s  (4.69). T h e  t h r e e  d i a x i a l  
b o n d  a n g l e s  a r e  t h e r e f o r e  e x a c t l y  1 8 0 °  w h i l e  t h e  a x i a l - e q u a t o r i a l  b o n d  a n g l e s  r a n g e  f r o m  
91.6° to 88.2° (Figure 4 .47). *93 
Figure 4.47
H N
N - ^  S n ^ N v N H
( 4 . 7 3 )
S n - B r  =  2.16k  /  2.16k  
Sn-N = 2.39Â / 2.39Â
T h e  c r y s t a l  s t r u c t u r e  o f  r e l a t e d  d i c h l o r o d i p h e n y l b i s ( p y r a z o l e ) t i n  (4.74) i s  n o n  
c e n t r o s y m m e t r i c ,  t h o u g h  r e t a i n i n g  t h e  ^\\-trans  a r r a n g e m e n t  o f  e a c h  g r o u p  a t  t i n .  T h e  t i n  
r e m a i n s  h i g h l y  o c t a h e d r a l  w i t h  d i a x i a l  b o n d  a n g l e s  o f  1 7 8 . 2 - 1 7 9 . 5 °  a n d  a x i a l - e q u a t o r i a l  
b o n d  a n g l e s  i n  t h e  r a n g e  8 9 . 2 - 9 0 . 9 °  ( F i g u r e  4 . 4 8 ) . ^ 9 4  y ^ ^ e  S n - C l  a n d  S n - N  b o n d s  a r e  
s l i g h t l y  s h o r t e r  t h a n  t h o s e  o f  (4.69) ( 2 . 5 4 Â  a n d  2 . 3 0 Â ,  s e e  F i g u r e  4 . 4 2 ) .
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Figure 4.48
CCS)
C<7) 
N(3) _
N(4)
C<19)
C(16)
C(8>
C(13> 'C(ll)
N(2)
ICO)
C<5)
H  C l
(4.74)
Sn-Cl =  2 . 4 2  /  2 . 4 5 A  
Sn-N = 2.28 / 2.22Â
T h e  c r y s t a l  s t r u c t u r e  o f  d i c h l o r o d i p h e n y l b i s ( t h i a z o l e ) t i n  (4.75) i s  s i m i l a r  t o  t h a t  o f
(4.74) w i t h  a  s l i g h t l y  d i s t o r t e d  o c t a h e d r a l  g e o m e t r y  a t  t i n  ( F i g u r e  4 . 4 9 ) .
Figure 4.49
N-— S n — - N  *V,
(4.75)
S n - C l  =  2 . 5 1  / 2 . 5 7 Â  
Sn-N = 2.37 / 2.37Â
4.8: B oron  com plexes o f m altol and 3 -h y d ro x y -2 -m eth y l-l-  
p h e n y l-4 -p y r id o n e
T h e  m a l t o l  c o m p l e x  (4.77) a n d  i t s  4 - p y r i d o n e  a n a l o g u e  (4.78) w e r e  s y n t h e s i s e d  
f r o m  d i p h e n y l b o r o n i c  a c i d  (4.76) ( F i g u r e  4 . 5 0 )  a n d  (4.1) a n d  (4.7) r e s p e c t i v e l y  
( F i g u r e  4 . 5 1 ) .
Figure 4.50
N H ,  HCl / H2O / MeOH
O .
B P h ^
10  m i n s
P h z B O H
(4.76)
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Figure 4.51
M e(4.76)
(4.1)
C H 2C I 2,  A ,  3  h o u r s .
O
ô  =  1 . 7
(4.77) Ph
P h
M e(4.76)
C H 2C I 2,  A ,  3  h o u r s .
O
ô  * ^ B  =  - 3 . 3
(4.78) P h
T h e  g r e a t e r  s h i e l d i n g  o f  t h e  ^  ^ B  n u c l e u s  i n  (4.78) i n d i c a t e s  a  s t r o n g e r  0(carbonyi)-B  
i n t e r a c t i o n  t h a n  w i t h  (4.77). T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  p r e v i o u s  c o m p a r i s o n s  d r a w n  
b e t w e e n  t h e  r e l a t i v e  ‘ n u c l e o p h i l i c i t i e s ’  o f  t h e  t w o  l i g a n d s .  A t t e m p t s  t o  p r e p a r e  t h e  b i s  
( m a l t o l a t o ) p h e n y l b o r o n  c o m p l e x  (4.79) ( F i g u r e  4 . 5 2 )  w e r e  u n s u c c e s s f u l .
Figure 4.52
P h B ( O H )2 
2 (4.1) ------------ X ----
C H 2C I 2 B — O M e
(4.79)
T h e  c r y s t a l  s t r u c t u r e  o f  (4.77) ( F i g u r e  4 . 5 3 )  h a s  b e e n  r e p o r t e d  b y  O r v i g  et  a n d  
c o n t a i n s  a  s t r o n g  0(carbonyl)“ B h y p e r v a l e n t  b o n d  o f  1.60Â  l e n g t h .
Figure 4.53
(4.77) i s  o n e  o f  a  c l a s s  o f  t e t r a c o o r d i n a t e  d i p h e n y l b o r o n  
c o m p l e x e s .  C o m p l e x e s  ( 4 . 8 0 ) a n d  (4.81)^^^ a r e  
c ( i 6)  o t h e r  s u c h  e x a m p l e s  w h o s  c r y s t a l  s t r u c t u r e s  a r e  r e p o r t e d
C ( 1 7 )
i n  t h e  l i t e r a t u r e .  T h e  d e g r e e  o f  t e t r a c o o r d i n a t i o n  v a r i e s  
s l i g h t l y  f r o m  c o m p l e x  t o  c o m p l e x .
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P h
\
1.57À( 4 . 8 0 )
M e
M e - O
M e —  N
+ \ -• B
/  O ' v
M e  \
( 4 . 8 1 )
. P h
P h
1 . 5 3 A
4.9: A carbon ‘com p lex ’?
T h e  p r e p a r a t i o n  o f  3 - a c e t y l - 2 - m e t h y l - 4 - p y r o n e  ( 4 . 8 2 )  e n a b l e s  u s  t o  i n v e s t i g a t e  
w h e t h e r  r e v e r s i b l e  i n t r a m o l e c u l a r  s u b s t i t u t i o n  i n v o l v i n g  c a r b o n  c a n  b e  o b s e r v e d ,  a s  s h o w n  
i n  F i g u r e  4 . 5 4 .  T w o  s o l v e n t s ,  C D 3C N  a n d  C D 3 O D ,  w e r e  u s e d  t o  c o m p a r e  w h e t h e r  t h e  
d e g r e e  o f  ‘ s u b s t i t u t i o n ’  m i g h t  b e  s o l v e n t  s p e c i f i c .  T h e r e  i s  a  s t r o n g  s i m i l a r i t y  i n  t h e  r i n g  
N M R  d a t a  b e t w e e n  s o l u t i o n s  o f  ( 4 . 8 2 )  i n  t h e  t w o  s o l v e n t s .  S i n c e  b o t h  d a t a  s e t s  a r e  m o r e  
s i m i l a r  t o  ( 4 . 4 4 )  t h a n  ( 4 . 4 5 ) ,  a n d  t h e r e  i s  s t r o n g  c a r b o n y l  c h a r a c t e r  t o  t h e  a c e t y l  C = 0  
c a r b o n ,  w e  c a n  c o n f i r m  t h a t  t h e r e  i s  n o  a p p r e c i a b l e  t e t r a h e d r a l  ‘ s u b s t i t u t e d  p r o d u c t ’  
f o r m a t i o n  t a k e s  p l a c e  i n  e i t h e r  C D 3C N  o r  C D 3O D  ( T a b l e  4 . 1 8 ) .  I f  t h e  c a r b o n y l  g r o u p  w e r e  
m o r e  a c t i v a t e d ,  s u c h  a s  i f  a  m o r e  e l e c t r o n e g a t i v e  g r o u p  w e r e  t o  r e p l a c e  t h e  C O M e  g r o u p ,  
t h e n  ‘ s u b s t i t u t i o n ’  m a y b e  m o r e  l i k e l y  t o  b e  o b s e r v e d .
F i g u r e  4 . 5 4
O ,
O
M e
O S i M c g  
( 4 . 6 0 )
M e
M e
O
O
C l M e
M e
M e
o  (4.82)
M e
M e
O '
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Table 4.18
C o m p o u n d
l ^ C  c h e m i c a l  s h i f t  ( / p p m )
C 2 C 3 C 4 C 5 C 6 2 - C H 3 a c e t y l
C = 0
a c e t y l
C H 3
( 4 . 4 4 ) 1 6 0 . 2 1 4 6 . 3 1 7 5 . 3 1 1 8 . 2 1 5 5 . 3 1 4 . 8 - -
( 4 . 8 2 )
( C D 3C N )
1 6 0 . 2 1 3 9 . 2 1 6 8 . 3 1 1 6 . 8 1 5 6 . 1 1 5 . 0 1 7 2 . 3 2 0 . 4
( 4 . 8 2 )  ( C D 3O D ) 1 6 2 . 1 1 3 9 . 3 1 6 9 . 0 1 1 7 . 0 1 5 7 . 4 1 4 . 9 1 7 4 . 5 20.1
( 4 . 4 5 ) 1 7 4 . 6 1 4 4 . 7 1 7 3 . 7 110.2 1 6 3 . 8 1 6 . 9 - -
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Chapter 5: Experimental.
5.1: General notes 
a: NMR spectroscopy
A l l  N M R  m e a s u r e m e n t s  w e r e  m a d e  o n  e i t h e r  a  J e o l  F X 9 0 Q  o r  a n  E X 4 0 0  F T  
m a c h i n e  f i t t e d  w i t h  a  m u l t i n u c l e a r  p r o b e .  s p e c t r a  w e r e  b r o a d  b a n d  d e c o u p l e d .  T h e  
p u l s e  d e l a y  f o r  ^ ^ S i  s p e c t r a  w a s  s t a n d a r d i s e d  a t  1 5  s e c o n d s .  E x t e n s i v e  u s e  o f  
C O S Y ,  C O S Y  a n d  l ^ C  D E P T  p r o g r a m s  w a s  m a d e  t o  h e l p  a s s i g n  t h e  p e a k s  o f
s p e c t r a .
U n l e s s  s t a t e d  o t h e r w i s e  a l l  s p e c t r a  w e r e  r e c o r d e d  a t  r o o m  t e m p e r a t u r e  ( 2 0 ° C )  u s i n g  
d e u t e r o c h l o r o f o r m  ( C D C I 3 )  d r i e d  o v e r  4 A  m o l e c u l a r  s i e v e s  a s  s o l v e n t .  T h e  i n t e r n a l  N M R  
r e f e r e n c e  c o m p o u n d  f o r  ^ H ,  l ^ C  a n d  ^ ^ S i  s p e c t r a ,  t e t r a m e t h y l s i l a n e ,  w a s  p r e s e n t  i n  a l l  
s a m p l e s .  T h e  e x t e r n a l  r e f e r e n c e  c o m p o u n d s  f o r  ^ ^ F  a n d  ^ ^ ^ S n  s p e c t r a  w e r e  C F C I 3 a n d  
t e t r a m e t h y l t i n  r e s p e c t i v e l y .  T h e  e x t e r n a l  r e f e r e n c e  c o m p o u n d  f o r  s p e c t r a  w a s  H 3 B O 3 
i n  D 2 O .  T h e  s p e c t r a l  d a t a  p o i n t  p o s i t i o n s  o f  t h e s e  c o m p o u n d s  w e r e  a c c u r a t e l y  l o c a t e d  
b e f o r e h a n d .  T h e  c o n c e n t r a t i o n  o f  t i n  c o m p l e x  s o l u t i o n s  w a s  s t a n d a r d i s e d  a t  0 . 5 2 M  ( u n l e s s  
o t h e r w i s e  s t a t e d )  d u e  t o  t h e  d e p e n d e n c e  o f  t h e  N M R  s h i f t  o n  c o m p l e x  c o n c e n t r a t i o n .
A l t h o u g h  g r e a t  e f f o r t  w a s  m a d e  t o  e l i m i n a t e  m o i s t u r e  f r o m  s o l v e n t s ,  r e a g e n t s  a n d  
r e a c t i o n  v e s s e l s ,  s m a l l  t r a c e s  o f  h y d r o l y s i s  p r o d u c t s  f r o m  t h e  h i g h l y  m o i s t u r e  s e n s i t i v e  
m a t e r i a l s  p r e p a r e d  c a n n o t  b e  d i s c o u n t e d .  A s  m u c h  c o u p l i n g  i n f o r m a t i o n  a s  c o u l d  b e  
r e l i a b l y  o b s e r v e d  i s  p r e s e n t e d .  O n  o c c a s i o n s  d u e  t o  p e a k  o v e r l a p ,  b r o a d e n i n g  o r  s i m p l y  a  
c o u p l i n g  n o t  b e i n g  s e e n ,  i t  h a s  n o t  b e e n  p o s s i b l e  t o  q u o t e  a  f u l l  s e t  o f  c o u p l i n g  c o n s t a n t s .
b: Micro-analyses
M i c r o a n a l y s e s  w e r e  p e r f o r m e d  b y  M E D A C  L i m i t e d  ( B r u n e i  U n i v e r s i t y )  a n d  
B u t t e r w o r t h  L a b o r a t o r i e s  L i m i t e d  ( T e d d i n g t o n ,  M i d d l e s e x )  w i t h  a c c e p t a b l e  C  a n d  H  
c o m p o s i t i o n s  ( + / -  0 . 5  %  t h e o r e t i c a l  v a l u e )  b e i n g  t h e  s t a n d a r d  a n a l y s e s .  U s u a l l y  a  t h i r d  
e l e m e n t  w a s  a l s o  m e a s u r e d ,  e i t h e r  B ,  N ,  C l ,  B r  o r  I .  I f  a n  a c c e p t a b l e  m i c r o a n a l y s i s  c o u l d  
n o t  b e  o b t a i n e d  t h e n  h i g h  r e s o l u t i o n  m a s s  s p e c t r o m e t r y  w a s  n o r m a l l y  u s e d  i n s t e a d .  
C o m p o u n d s  a l r e a d y  r e p o r t e d  i n  t h e  l i t e r a t u r e  r e q u i r e  l e s s  c o m p r e h e n s i v e  c h a r a c t e r i s a t i o n  
a n d  a r e  i n d i v i d u a l l y  r e f e r e n c e d .
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c: Mass spectrometry
L o w  r e s o l u t i o n  m a s s  s p e c t r a  w e r e  r e c o r d e d  o n  a  V G 2 0 - 2 5 0  m a s s  s p e c t r o m e t e r .  T h e  
s i m p l e  p e a k  i s o t o p e  p a t t e r n s  f o r  c o m p l e x e s  n o t  c o n t a i n i n g  t i n  a r e  q u o t e d  w i t h  a p p r o x i m a t e  
i n t e n s i t y  r a t i o s .  T h e  m o r e  c o m p l e x  p a t t e r n s  p r o d u c e d  b y  t h e  l a r g e r  n u m b e r s  o f  a b u n d a n t  
t i n  i s o t o p e s  ( o f t e n  i n  c o m b i n a t i o n  w i t h  C l  o r  B r )  w e r e  o b s e r v e d  a s  e x p e c t e d  i n  e a c h  c a s e  
b u t  o n l y  t h e  m a s s  o f  t h e  m o s t  i n t e n s e  p e a k  i s  q u o t e d .
d: High resolution mass spectrometry
H i g h  r e s o l u t i o n  m a s s  s p e c t r o m e t r y  w a s  p e r f o r m e d  b y  t h e  N a t i o n a l  M a s s  
S p e c t r o m e t r y  S e r v i c e  C e n t r e  b a s e d  a t  t h e  U n i v e r s i t y  o f  W a l e s ,  S w a n s e a .  L I  m e a s u r e m e n t s  
w e r e  m a d e  o n  a  V G  Z A B - L  i n s t r u m e n t  u s i n g  P L K  p e a k s  a s  m a s s  s t a n d a r d s .  F A B  
m e a s u r e m e n t s  w e r e  m a d e  o n  a  V G  A u t o s p e c  i n s t r u m e n t  u s i n g  P L G  p e a k s  a s  m a s s  
s t a n d a r d s .  A d d i t i o n a l  a c c u r a t e - m a s s  L I  s p e c t r a  w e r e  p r o v i d e d  b y  H o e c h s t  R o u s s e l  
L i m i t e d ,  M i l t o n  K e y n e s  u s i n g  a  K i a t o s  M S 8 0 R F A  i n s t r u m e n t  w i t h  P L K  a s  t h e  s t a n d a r d .
e: Melting points
T h e s e  w e r e  d e t e r m i n e d  o n  a n  E l e c t r o t h e r m a l  D i g i t a l  m e l t i n g  p o i n t  a p p a r a t u s  a n d  
a r e  u n c o r r e c t e d .  T h e  h i g h  m o i s t u r e  s e n s i t i v i t y  o f  m a n y  o f  t h e  c o m p o u n d s  o f t e n  p r e v e n t e d  
m e l t i n g  p o i n t  d e t e r m i n a t i o n s  f r o m  b e i n g  c a r r i e d  o u t .
f: X-ray crystallography
M e a s u r e m e n t s  w e r e  m a d e  o n  e i t h e r  a  S T O L  S T A D I 4  ( S t r u c t u r e s  i n  C h a p t e r  4  
e x c e p t  ( 4 . 6 9 ) )  o r  a  S T O L  I P D S 2 5  ( S t r u c t u r e s  i n  C h a p t e r  2  a n d  ( 4 . 6 9 ) )  d i f f r a c t o m e t e r  u s i n g  
M o  K f x ,  7 1 . 0 6 9  p m  ( g r a p h i t e  m o n o c h r o m a t o r )  r a d i a t i o n .  F u l l  d e t a i l s  a r e  g i v e n  i n  t h e  
c r y s t a l l o g r a p h i c  a p p e n d i x .
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g: Solvents
T h e  f o l l o w i n g  s o l v e n t s  w e r e  d r i e d  b e f o r e  u s e :
B e n z e n e  -  d r i e d  o v e r  s o d i u m  w i r e .
T o l u e n e  -  d r i e d  o v e r  s o d i u m  w i r e .
D i e t h y l  e t h e r  -  d r i e d  o v e r  s o d i u m  w i r e .
C h l o r o f o r m  -  d r i e d  o v e r  4 A  m o l e c u l a r  s i e v e s .
D i c h l o r o m e t h a n e  -  d r i e d  o v e r  4 A  m o l e c u l a r  s i e v e s .
A c e t o n i t r i l e  -  d r i e d  o v e r  c a l c i u m  h y d r i d e .
h: Chemicals / handling / storage
All chemical handling, reactions and work-up were performed in an efficient 
fume cupboard. R e a g e n t s  w e r e  o b t a i n e d  p r i m a r i l y  f r o m  t h e  A l d r i c h  C h e m i c a l  C o m p a n y  
o r  f r o m  F l u o r o c h e m  L i m i t e d  a n d  u s e d  a s  p u r c h a s e d .  M a n y  o f  t h e  s i l a n e s  a r e  p a r t i c u l a r l y  
m o i s t u r e  s e n s i t i v e  a n d  s o  w e r e  d i s t i l l e d  u n d e r  a  n i t r o g e n  a t m o s p h e r e  e v e r y  3 - 4  m o n t h s  t o  
r e m o v e  h i g h  b o i l i n g  p o i n t  s i l o x a n e  h y d r o l y s i s  p r o d u c t s .  T h e s e  r e a g e n t s  a n d  m a n y  o f  t h e  
t r i m e t h y l s i l y l a t e d  m a t e r i a l s  w e r e  s t o r e d  i n  Reacti-flasks  w i t h  e i t h e r  P T F E - s i l i c o n e  r u b b e r  
s e p t a  c a p s  o r  s e p t a  (Miniert)  v a l v e s  t o  a l l o w  e f f i c i e n t  t r a n s f e r  t o  s y r i n g e  w h i l e  p r e v e n t i n g  
m o i s t u r e  f r o m  e n t e r i n g .  T h e  t r a n s f e r  o f  m o i s t u r e  s e n s i t i v e  l i q u i d  r e a g e n t s  w a s  a c h i e v e d  b y  
a p p r o p r i a t e l y  s i z e d  g a s - t i g h t  s y r i n g e s  f i t t e d  w i t h  f i n e  g a u g e  n e e d l e s  w i t h  p o i n t e d  t i p s  t o  
m i n i m i s e  d a m a g e  t o  s e p t a  s e a l s .
E x t e n s i v e  u s e  w a s  m a d e  o f  a  c o m b i n e d  h i g h  v a c u u m  ( c a  0 . 0 3  m m H g )  a n d  d r y  
n i t r o g e n  l i n e  t o  m a i n t a i n  a n h y d r o u s ,  i n e r t  a t m o s p h e r i c  c o n d i t i o n s  d u r i n g  r e a c t i o n s .  5 0  c m ^  
r o u n d - b o t t o m e d  f l a s k s  f i t t e d  w i t h  a n  i n l e t  t a p  a n d  s e p t a  a d a p t e r  w e r e  u s e d  f o r  t h e  
p r e p a r a t i o n  o f  m o i s t u r e  s e n s i t i v e  c o m p l e x e s .
I t  w a s  s t a n d a r d  p r a c t i c e  t o  t r a n s f e r  a l l  n e w  p o t e n t i a l l y  m o i s t u r e  s e n s i t i v e  p r o d u c t s  
t o  a n  a r g o n  p u r g e d  a n d  P 2O 5 d r i e d  g l o v e  b o x  f o r  s t o r a g e  t o  m i n i m i s e  t h e i r  d e g r a d a t i o n .  
S a m p l e s  s e n t  t o  o t h e r  l a b o r a t o r i e s  f o r  a n a l y s i s  w e r e  s u i t a b l y  p a c k a g e d  t o  p r e v e n t  d a m a g e  
i n  t r a n s i t .  S m a l l ,  a i r  t i g h t ,  s c r e w - c a p p e d  p l a s t i c  o r  g l a s s  b o t t l e s  c h a r g e d  i n  a  g l o v e  b o x  
w e r e  f o u n d  t o  b e  t h e  m o s t  s u i t a b l e .
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Part A: Compounds from Chapters 2 and 3.
5.2: Synthesis o f substituted  2-th iopyridones from  2-pyridones and  
phosphorous pentasulfide.
T h e  2 - p y r i d o n e  p r e c u r s o r  a n d  p h o s p h o r o u s  p e n t a s u l f i d e  ( 1 : 1  m o l a r  r a t i o )  i n  t h e  
f o r m  o f  p o w d e r s  w e r e  s h a k e n  v i g o r o u s l y  t o g e t h e r  i n  a  2 5 0  c m ^  s t o p p e r e d ,  r o u n d - b o t t o m e d  
f l a s k .  U n d e r  a  g e n t l e  f l o w  o f  n i t r o g e n  t h e  f l a s k  w a s  h e a t e d  i n  a n  o i l  b a t h  a t  a  c a r e f u l l y  
r e g u l a t e d  t e m p e r a t u r e  f o r  5  h o u r s .  T h e  t e m p e r a t u r e  c h o s e n  w a s  c l o s e  t o  t h e  m e l t i n g  p o i n t  
o f  t h e  2 - p y r i d o n e .
T h e  f u s e d  m i x t u r e  w a s  a l l o w e d  t o  c o o l  t o  r o o m  t e m p e r a t u r e  a n d  h y d r o l y s e d  b y  
c o n c e n t r a t e d  a q u e o u s  s o d i u m  h y d r o x i d e  ( a b o u t  1 5 0  c m ^ ) .  I n i t i a l l y  t h i s  w a s  d r o p - w i s e  a n d  
t h e n  i n  l a r g e r  a l i q u o t s  a s  e f f e r v e s c e n c e  b e c a m e  l e s s  v i g o r o u s .  T h e  r e s u l t i n g  s u s p e n s i o n  
w a s  s t i r r e d  f o r  a  f u r t h e r  1 8  h o u r s  t o  a l l o w  h y d r o l y s i s  t o  r e a c h  c o m p l e t i o n .  T h e  p H  w a s  
c o r r e c t e d  t o  a p p r o x i m a t e l y  8 w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 5  c m ^ ) .
T h e  p r o d u c t  w a s  e x t r a c t e d  i n t o  c h l o r o f o r m  ( 4  x  5 0  c m ^ )  w i t h  t h e  w a s h i n g s  b e i n g  
c o m b i n e d  a n d  d r i e d  o v e r  m a g n e s i u m  s u l f a t e .  R e m o v a l  o f  s o l v e n t  b y  r o t a r y  e v a p o r a t i o n  
a f f o r d e d  a  s o l i d  b r o w n  r e s i d u e .  T h i s  w a s  r e c r y s t a l l i s e d  f r o m  3 : 1  e t h y l  a c e t a t e  /  c h l o r o f o r m  
g i v i n g  y e l l o w / o r a n g e  p l a t e - l i k e  c r y s t a l s  o f  t h e  2 - t h i o p y r i d o n e  c o m p o u n d .
a: 6-Methyl-2-(lH)-thiopyridone (3.26)
6 - M e t h y l - 2 - ( l H ) - p y r i d o n e  (3.25) 1 5 . 1 2  g  /  0 . 1 4  m o l
P h o s p h o r o u s  p e n t a s u l f i d e  6 1 . 4 0  g  /  0 . 1 4  m o l
O i l  b a t h  t e m p e r a t u r e  1 5 5 - 1 6 5 ° C
M a s s  o f  r e c r y s t a l l i s e d  ( 3 . 2 6 )  i s o l a t e d  1 2 . 0 3  g  /  9 6 . 1 0  m m o l  ( 7 0 % )
Ô  i R  ( 4 0 0  M H z )  =  1 3 . 8  ( b ,  I H ,  N H ) ,  7 . 3 7  ( d ,  I H ,  3 J h 3 - H 4  =  8 . 4  H z ) ,  H 3 ) ,  7 . 3 1  ( d d ,  I H ,
^ J h 4- H 5 =  ^ J r 4 - H 3 =  8 . 4  H z ,  H 4 ) ,  6 . 5 5  ( d ,  I H ,  ^ J h 5- H 4 =  8 . 4  H z ,  H 5 ) ,  2 . 4 8  ( s ,  3 H ,  C H 3 ) ;  
613c (400 MHz) = 176.4 (C2), 148.8 (0 5 ), 138.7 (C4), 130.7 (C3), 114.1 (C5), 18.9 
( C H 3 ) .  M/Z ( E H )  =  1 2 5  ( M + ) ,  1 1 0 ,  8 0 .  Found %  C  5 7 . 3 1 ,  H  5 . 5 9 ,  N  1 1 . 0 7 ;  r e q u i r e s  
C  57.57, H  5 . 6 4 ,  N  1 1 . 1 9  ( C ô H y N S ) .
-158-
b: 4-Methyl-2-(lH)-thiopyridone (3.30)
4 - M e t h y l - 2 - ( l H ) - p y r i d o n e  8 . 0 0  g  /  7 3 . 3 1  m m o l
P h o s p h o r o u s  p e n t a s u l f i d e  3 2 . 7 1  g  /  7 3 . 5 8  m m o l
O i l  b a t h  t e m p e r a t u r e  1 3 0 - 1 4 0 ° C
M a s s  o f  r e c r y s t a l l i s e d  (3.30) i s o l a t e d  5 . 7 6  g  /  4 6 . 0 1  m m o l  ( 6 3 % )
Ô  i R  ( 4 0 0  M H z )  =  1 3 . 0  ( b ,  I H ,  N H ) ,  7 . 5 3  ( d ,  I H ,  3 J h 6 - H 5  =  6 . 4  H z ) ,  H e ) ,  7 . 4 1  ( s ,  I H ,  H 3 ) ,  
6 . 6 4  ( d d ,  I H ,  ^ J h 5- H 6 =  6 . 4  H z ,  ^ J h 5- H 3 =  2 . 0  H z ,  H 5 ) ,  2 . 2 7  ( s ,  3 H ,  C H 3 ) ;
( 4 0 0  M H z )  =  1 7 4 . 9  (C2 ), 1 5 0 . 5  (C4 ), 1 3 6 . 2  ( C e ) ,  1 3 2 . 9  (C3 ), 1 1 6 . 3  (C5 ), 2 1 . 4  
( C H 3 ) .  M / Z  ( E H )  =  1 2 5  ( M + ) ,  1 1 0 ,  8 0 .  F o u n d  %  C  5 7 . 4 6 ,  H  5 . 6 1 ,  N  1 1 . 1 3 ;  r e q u i r e s  
C  5 7 . 5 7 ,  H  5 . 6 4 ,  N  1 1 . 1 9  ( C e H y N S ) .
5.3: Synthesis o f trim ethylsilylated 2-thiopyridines from  2-thiopyridones.
T o  a  s o l u t i o n  o f  t h e  a p p r o p r i a t e  2 - t h i o p y r i d o n e  c o m p o u n d  i n  t o l u e n e  w a s  a d d e d  
t r i m e t h y l s i l y l d i e t h y l a m i n e  ( a b o u t  1 . 1  e q u i v a l e n t s ) .  T h e  s o l u t i o n  w a s  r e  f l u x e d  u n d e r  
n i t r o g e n  f o r  5  h o u r s .  T h e  s o l v e n t  w a s  r e m o v e d  b y  d i s t i l l a t i o n  u n d e r  n i t r o g e n  l e a v i n g  a  d a r k  
b r o w n  l i q u i d .  T h i s  l i q u i d  w a s  d i s t i l l e d  u n d e r  h i g h  v a c u u m  c o n d i t i o n s  a n d  y i e l d e d  t h e  
s i l y l a t e d  d e r i v a t i v e  a s  a  b r i g h t  y e l l o w  d i s t i l l a t e .
a: 2-(Trimethylsilylmercapto)pyridine (3.10)200
2 - (  l H ) - T h i o p y r i d o n e  (3.1) 6 . 2 0  g  /  5 5 . 7 7  m m o l
T o l u e n e  4 0  c m ^
T r i m e t h y l s i l y l d i e t h y l a m i n e  9 . 0 1  g  /  6 2 . 0 0  m m o l
M a s s  o f  d i s t i l l e d  (3.10) o b t a i n e d  9 . 2 1  g  /  5 0 . 2 3  m m o l  ( 9 0 % )
B o i l i n g  p o i n t  3 5 ° C  ( 0 . 0 3  m m H g )
Ô  ^ R  ( 4 0 0  M H z )  =  8 . 2 1  ( d ,  I H ,  ^ J h 6- H 5 =  4 . 8  H z ,  H ^ ) ,  7 . 2 6  ( d d d ,  I H ,  ^ J h 4 - H 3 =  ^ J h 4 - H 5 =
7 . 6  H z ,  " ^ J h 4 - H 6 =  2 . 0  H z ,  H 4 ) ,  7 . 1 4  ( d d d ,  I H ,  ^ J h 3- H 4 =  7 . 6  H z ,  " ^ J h 3- H 5 =  ^ J h 3 - H 6 =  
0 . 8  H z ,  H 3 ) ,  6 . 8 0  ( d d d ,  I H ,  ^ J h 5 - H 4 =  7 . 6  H z ,  ^ J h 5 - H 6 =  4 . 8  H z ,  ^ J h 5 - H 3 =  0 . 8  H z ,  H 5 ) ,  
0 . 3 6  ( s ,  9 H ,  S i ( C H 3 ) 3 ) ;  Ô  ( 4 0 0  M H z )  =  1 5 8 . 4  ( C 2 ) ,  1 4 8 . 5  ( C e ) ,  1 3 5 . 5  ( C 4 ) ,  1 2 5 . 8  ( C 3 ) ,  
1 1 9 . 0  ( C 5 ) ,  1 . 1  ( S i ( C H 3 ) 3 ) ;  Ô  ( 4 0 0  M H z )  =  1 6 . 6 .  M / Z  ( E H )  =  1 8 3  ( M + ) ,  1 6 8 ,  1 5 3 ,  
1 3 8 , 7 8 .
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b: 5-Trifluoromethyl-2-(trimethyIsilylmercapto)pyridine (3.19)
5-Trifluoromethyl-2-(lH)-thiopyridone (3.18) 2.97 g / 16.58 mmol
Toluene 40 cm^
Trimethylsilyldiethylamine 2.77 g / 19.06 mmol
Mass of distilled (3.19) obtained 3.13 g / 12.45 mmol (75%)
Boiling point 50“C (0.05 mmHg)
6 IH (400 MHz) = 8.79 (d, IH, 4Jh6-H4 = 2.4 Hz, He), 7.62 (dd, IH, 3Jh4-H3 = 8.4 Hz, 
4H4-H6 = 2.4 Hz, H4), 7.36 (d. IH, 3 J h 3-H4 = 8.4 Hz, H3), 0.48 (s, 9H, Si(CH3)3); 
S 13c (400 MHz) = 164.5 (C2), 145.8 (Q ), 132.7 (C4), 125.2 (C3), 124.0 (q, Uc-f =
270.2 Hz, CF3), 122.4 (q, 2Jc_f = 33.1 Hz, C5), 1.2 (Si(CH3)3); 8 » F  (90 MHz) = - 64.1; 
5 2’Si (400 MHz) = 18.0. M/Z (EI+) = 251 (M+), 236,232,73. Found % C 42.77, H 4.80, 
N 5.71; requires C 43.01, H 4.81, N 5.57 (C9H i2p 3NSSi).
c: 6-Methyl-2-(trimethyIsilylmercapto)pyridine (3.27)
6-Methyl-2-(lH)-thiopyridone (3.26) 6.01 g / 47.93 mmol
Toluene 30 cm^
Trimethylsilyldiethylamine 12.21 g / 84.02 mmol
Mass of distilled (3.27) obtained 8.89 g / 45.05 mmol (94%)
Boiling point 52°C (0.03 mmHg)
5 iR  (400 MHz) = 7.28 (dd, IH, ^Jh4-H3 = ^Jh4-H5 = 7.8 Hz, H4), 7.05 (d, IH, ^Jh3-H4 =
7.8 Hz, H3), 6.79 (d, IH, 3Jh5-H4 = 7.8 Hz, H5), 2.43 (s, 3H, 6-CH3), 0.44 (s, 9H, 
Si(CH3)3); 5 13c (400 MHz) = 157.8 (C2), 157.4 (Ce), 136.3 (C4), 122.7 (C3), 118.8 (C5),
24.0 (6-CH3), 1.4 (Si(CH3)3); Ô 29si (400 MHz) = 16.2. M/Z (EH) = 197 (M+) (measured 
197.0694, requires 197.0695 for CgHieNSSi), 182, 167, 152, 92, 73.
d: 4-Methyl-2-(trimethylsilylmercapto)pyridine (3.31)
4-Methyl-2-(lH)-thiopyridone (3.30) 1.74 g / 13.90 mmol
Toluene 20 cm^
Trimethylsilyldiethylamine 2.22 g / 15.29 mmol
Mass of distilled (3.31) obtained 2.26 g / 11.44 mmol (82%)
Boiling point 60°C (0.06 mmHg)
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Over 5 days the liquid crystallised - giving yellow plate-like crystals (melting point 42°C).
Ô IH (90 MHz) = 8.14 (d, IH, 3Jh6-H5 = 4.9 Hz, He), 7.14 (s, IH, H3), 6.77 (d, IH, 
3JH5-H6 = 4.9 Hz, He), 2.22 (s, 3H, 4-CH3), 0.44 (s, 9H, Si(CH3)3); Ô (90 MHz) =
158.7 (C2), 148.2 (C4), 147.1 (Ce), 127.6 (C3), 120.6 (C5), 20.7 (4-CH3), 1.4 (Si(CH3)3); 
Ô (400 MHz) = 17.0. M/Z (EH) = 197 (M+) (measured 197.0694, requires 197.0695 
for CgHieNSSi), 182, 92, 73.
5.4: Synthesis of O-trimethylsilylated ligands.
The appropriate unsilylated derivative was dissolved in either benzene or toluene. 
To this solution was added trimethylsilyldiethylamine (typically 1.1 equivalents) and the 
solution refluxed under nitrogen for 5 hours. Separating the solvent by careful distillation 
at atmospheric pressure under a flow of nitrogen left a brown liquid residue. Distillation of 
this residue as appropriate afforded the pure, silylated product as a colourless distillate.
a: 2-(Trimethylsiloxy)quinoIine (2 .24)^01
Reaction solvent Toluene (30 cm^)
2-(lH)-Quinolinone (2.16) 2.12 g / 14.60 mmol
Trimethylsilyldiethylamine 2.40 g / 16.52 mmol
Mass of distilled (2.24) obtained 2.82 g / 12.96 mmol (89%)
Boiling point 50“C (0.05 mmHg)
Product vacuum distilled at 0.05 mmHg. Over 8 days at room temperature the liquid 
crystallised, giving colourless plate-like crystals (melting point 45°C).
8 IH (90 MHz) = 7.80 (d, IH, 3JH4-H3 = 8.6 Hz, H4), 7.59-7.13 (m, 4H, H5/H6/H7/H8), 
6.81 (d, IH, 3Jh3.h4 = 8.6 Hz, H3), 0.45 (s, 9H, Si(CH3)3); 8 » C  (90 MHz) = 161.0 (C2),
146.8 (Cga). 139.0 (C4), 129.1 (C7), 127.4 (C5), 127.2 (Cg), 124.9 (€4»), 123.8 (C3), 114.6 
(Cg), 0.6 (Si(CH3)3); S^’Si (90 MHz) = 21.1. M/Z (EI+) = 217 (M+), 202,128.
-161-
b: 2-(TrimethyIsiloxy)quinoxaline (2 .39)^02
Reaction solvent
2-(lH)-Quinoxalinone (2.37)
Trimethylsilyldiethylamine
Mass of distilled (2.39) obtained
Boiling point
(2.39)
6
7 OSiMe
Toluene (30 cm^)
3.40 g / 23.26 mmol 
3.50 g / 24.10 mmol 
3.79 g /17.40 mmol (75%) 
104“C (0.05 mmHg)
Product vacuum distilled at 0.05 mmHg. The 
liquid crystallised within minutes giving 
colourless plate-like crystals (melting 
point 49“C).
ô lR  (90 MHz) = 8.46 (s, IH, Hg), 8.05-7.31 (m, 4H, H5/H6/H7/H8), 0.45 (s, 9H, 
Si(CH3)3); s 13c (90 MHz) = 156.2 (C2), 141.0 (C3), 140.5 (Cga), 138.9 (€43). 129.7 /
128.9 / 127.3 / 126.4 (Cg.g), 0.3 (Si(CH3)3); 8 3»Si (90 MHz) = 24.4. M/Z (EI+) = 218 
(M+), 203,73.
c: 4-(Trimethylsiloxy)-3-pyrimidine (2.40)293
Reaction solvent 
4-(3H)-Pyrimidone (2.38)
T rimethylsilyldiethy lamine 
Mass of distilled (2.40) obtained 
BoiUng point
6
Benzene (20 cm^)
5.35 g / 56.68 mmol 
9.05 g / 62.28 mmol
7.00 g / 41.55 mmol (73%) 
120"C (1 atm.)
(2.40)
N |j 5 Product distilled at atmospheric pressure under a flow of
OSiMe; nitrogen-
3
8 IH (90 MHz) = 8.72 (s. IH, Hz), 8.45 (d, IH, 3Jh6-H5 = 5.8 Hz, He), 6.68 (d, IH, 
3JH5-H6 = 5.8 Hz, Hs), 0.39 (s, 9H, Si(CH3)3); 8 " c  (90 MHz) = 168.0 (C4), 158.4/158.0 
(Cz/Ce), 110.5 (Ce), 0.2 (Si(CH3)3); 8 2»Si (90 MHz) = 24.4.
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d: 2-Methyl-3-(trimethylsiloxy)-4-pyrone (4.60)204
Reaction solvent Toluene (25 cm^)
Maltol (4.1) 6.36 g / 50.43 mmol
Trimethylsilyldiethylamine 8.28 g / 56.98 mmol
Mass of distilled (4.60) obtained 8.41 g / 42.41 mmol (84%)
Boiling point 61*0 (0.05 mmHg)
Product vacuum distilled at 0.05 mmHg pressure.
Ô IH (90 MHz) = 7.64 (d, IH, 3Jh6-H5 = 5.6 Hz, He), 6.28 (d, IH, 3Jh5-H6 = 5.6 Hz, H5), 
2.26 (s, 3H, 2-CH3), 0.27 (s, 9H, Si(CH3)3); 6 (90 MHz) = 174.1 (C4), 154.8 (0%),
153.2 (Ce), 142.6 (C3), 115.6 (C5), 14.6 (2-CH3), 1.3 (Si(CH3)3); 6 ^9si (90 MHz) = 22.1. 
M/Z (EI+) = 199 (MH+), 183, 153,109, 73.
5.5: Synthesis of stable 5-coordinate silyl fluoride complexes from their 
chloride analogues using antimony trifluoride.
The appropriate chlorosilane complex was either dissolved or suspended in 
benzene under a nitrogen atmosphere. Granular antimony trifluoride (I/ 3  equivalent) was 
introduced and the reagents stirred together for 1 hour at room temperature. The organic 
phase was decanted from the oily antimony containing by products and hydrolysed by 
shaking with distilled water (50 cm^). The organic phase was extracted into 
dichloromethane (3 x 50 c m ^ ) .  The extracts were combined and dried over magnesium 
sulfate and the solvents removed by rotary evaporation. The remaining residue, either an 
oily liquid or crystalline solid, was either vacuum distilled or recrystallised from an 
appropriate solvent. This step afforded the pure title compound.
a: l-(Fluorodimethylsilylmethyl)-2-qumolinone (2.25a)
Volume of solvent 4 cm^
l-(Chlorodimethylsilylmethyl)-2-quinohnone (2.25b) 0.75 g / 2.98 mmol
Antimony trifluoride 0.18 g / 1.01 mmol
Mass of (2.25a) isolated 0.40 g / 1.70 mmol (57%)
State Colourless crystals, recrystallised by evaporation of a chloroform solution.
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ô IH (400 MHz) = 7.95 (d, IH, 3Jh4-H3 = 9.4 Hz, H4), 7.73-7.64 (m, 3H, H5/H7/H8), 7.38 
(m, IH, He), 6.82 (d, IH, 3Jh3-h4 = 9.4 Hz, H3), 3.18 (s, 2H, N-CHz), 0.38 (d, 6H, 3Jh-f =
6.4 Hz, Si(CH3)2); 8 » C  (400 MHz) = 162.9 (C2), 141.4 (C4), 139.3 (Cga), 131.8 (C7), 
129.0 (C5), 123.6 (Ce), 121.4 (C4a), 117.1 (C3), 115.9 (Cg), 33.9 (d, = 47.5 Hz,
N-CHz), 2 0 (d, 2Jc.f = 23.8 Hz. Si(CH3)2); 5 1»F (90 MHz) = - 114.2; 5 2»Si (400 MHz) 
= -25.4 (d, iJsi-F = 254.3 Hz). M/Z (EI+) = 235 (M+), 234 (M+-H), 220. 
Found % C 60.83, H 5.98, N 5.86; requires C 61.25, H 6.00, N 5.95 (Ci2Hi4FNOSi).
b: l-(Fluorodimethylsilylmethyl)-2-quinoxalinone (2.41a)
Volume of solvent 40 cm^
1-(Chlorodimethylsilylmethyl)-2-quinoxalinone (2.41b) 11.02 g / 43.60 mmol
Antimony trifluoride 2.60 g / 14.55 mmol
Mass of (2.41a) isolated 5.43 g / 23.98 mmol (53%)
State White crystalline solid, recrystalhsed from acetonitrile.
8 IH (400 MHz) = 8.40 (s, IH, H3), 7.96 (d, IH, 3Jh5-h6 = 8 0 Hz, H5), 7.71 (m, IH, H7), 
7.56 (d, IH, 3jHg.H7 = 8.4 Hz, Hg), 7.47 (m, IH, He), 3.23 (s, 2H, N-CHz), 0.43 (d, 6H, 
3Jh-f = 7.8 Hz, Si(CH3)2); 8 " c  (400 MHz) = 155.5 (C2), 146.9 (C3), 134.4 (Cga), 132.9 
(C4a), 131.9 (C7), 130.6 (C5), 124.8 (Ce), 115.1 (Cg), 33.4 (d, ^Jc-f = 40.5 Hz, N-CHz),
1.3 (d, 2Jc-f = 22.1 Hz, Si(CHs)2); 8 1»F (90 MHz) = - 128.7; 5 2%: (400 MHz) = - 6.1 
(d, iJsi-F  = 260.3 Hz). M /Z  (EI+) = 236 (M+), 235 (M+-H), 221, 158, 77. 
Found % C 56.40, H 5.49, N 12.30; requires C 55.91, H 5.54, N 11.85 (CnHigFNzOSi).
c; 2-(Fluorodimethylsilylmethylmercapto)pyridine (3.11a)
Volume of solvent 5 cm^
2-(Chlorodimethylsilylmethylmercapto)pyridine (3.11b) 1.19 g / 5.45 mmol
Antimony trifluoride 0.33 g / 1.85 mmol
Mass of (3.11a) isolated from vacuum distillation 0.42 g / 2.10 mmol (39%)
State Pale yellow oil. Boiling point 47°C (0.05 mmHg).
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8 IH (400 MHz) = 8.30 (d. IH, 3Jh6-H5 = 5.6 Hz, He), 7.41 (ddd, IH, 3Jh4-H3 = 8.4 Hz, 
^Jh4-H5 = 7.2 Hz, ^Jh4-H6 = 2.0 Hz, H4), 7.17 (d, IH, 3Jjj3.h4 = 8.4 Hz, H3), 6.93 (ddd, 
IH, 3Jjj5_h4 = 7.2 Hz, 3Jh5.h6 = 5.6 Hz, ‘*Jh5-H3 = 0 8 Hz, H5), 2.37 (d, 2H, 3%_p = 
4.8 Hz, S-CH2), 0.33 (d, 6H, 3%_p = 7.3 Hz, Si(CH3)2): 8 » C  (400 MHz) = 159.2 (C2),
147.7 (Ce), 136.1 (C4), 121.5 (C3), 119.3 (C5), 14.0 (d, 2Jc_p ^ 22.0 Hz, S-CH2), - 0.4 
(d, 2Jc.p = 16.5 Hz, Si(CH3)2); 8 I’F (400 MHz) = - 142.5; 8 2*Si (400 MHz) = 17.0 
(d, IJsi-F = 275.8 Hz). M/Z (EI+) = 202 (MH+), 186, 182, 124,78,77. Found % C 48.15, 
H 6.10, N 6.93; requires C 47.73, H 6.01, N 6.96 (CgH^FNSSi).
d: 2-(FluorodimethyIsilylmethylmercapto)-5-trifluoromethylpyridine (3.20a)
Volume of solvent 5 cm^
2-(Chlorodimethylsilylmethylmercapto)-5-trifluoromethylpyridine (3.20b)
0.50 g / 1.75 mmol
Antimony trifluoride 0.11 g / 0.62 mmol
Mass of (3.20a) isolated from vacuum distillation 0.11 g / 0.41 mmol (23%)
State Pale yellow oil. Boiling point 52°C (0.06 mmHg).
8 IH (400 MHz) = 8.63 (s, IH, He), 7.67 (dd, IH, 3JH4-H3 = 8.4 Hz, '*Jh4-H6 = 2.4 Hz, 
H4), 7.31 (d, IH, 3Jh3_h4 = 8.4 Hz, H3), 2.51 (d, 2H, 3Jh.p= 5.2 Hz, S-CH2), 0.36 (d, 6H, 
3Jh-p= 7.2 Hz, Si(CH3)2); 8 (400 MHz) = 164.5 (C2), 145.6 (Ce), 132.5 (C4), 123.8
(q, IJc-p = 270.2 Hz, CF3), 122.3 (q, ^J^.p = 33.1 Hz, C5), 121.3 (C3), 14.4 (d, ^Jc-F =
18.4 Hz, S-CH2), - 1.1 (d, 2jc.p = 14.7 Hz, Si(CH3)2); 8 I’F (90 MHz) = - 63.9 (CF3), 
-155.5 (Si-F); 8 Z»Si (400 MHz) = 26.0 (d, Usi-F = 280.3 Hz). M/Z (E1+) = 270 (MH+), 
254, 250, 192, 77. Found % C 40.42, H 4.29, N 5.38; requires C 40.14, H 4.12, N 5.20 
(C^HiiF^NSSi).
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5.6: Synthesis of unstable 5-coordinate silyl-fluoride complexes (2.42a) 
and (3.28a) from their chloride analogues using antimony trifluoride.
Complexes (2.42a) and (3.28a) efficiently undergo desilylation with traces of 
excess fluoride ion in the reaction pot or dilute aqueous hydroxide ion in the work-up. The 
synthetic method of Section 5.5 was therefore modified by reducing the proportion of 
antimony trifluoride to approximately V4 equivalent. This led to a mixture of products 
being isolated at the end of the work-up with the title compound being the major 
component.
Attempts to separate the silyl-fluoride compounds from their co-products by 
vacuum distillation or column chromatography only accelerated the desilylation process. 
The compounds were therefore characterised in the crude product mixture by their 
molecular ion peaks in accurate-mass El spectra.
a: 3-(Fluorodimethylsilylmethyl)-4-pyriimdone (2.42a)
Volume of solvent 20 cm^
3-(Chlorodimethylsilylmethyl)-4-pyrimidone (2.42b) 4.95 g / 24.43 mmol
Antimony trifluoride 1.09 g / 6.10 mmol
Mass of crude (2.42a) isolated 1.90 g / 10.20 mmol (42%)
State Pale yellow oil.
5 IH (400 MHz) = 8.27 (s, IH. H2). 7.98 (d, IH. 3Jh6-H5 = 7.2 Hz, He), 6.51 (d, IH, 
^Jh5-H6 = 7.2 Hz, H5), 3.32 (s, 2H, N-CH2), 0.37 (d, 6H, ^Jh-f = 7.6 Hz, Si(CH3)2); 
8 » C  (400 MHz) = 162.3 (C4), 154.6 (Ce), 151.8 (C2), 114.0 (C5), 37.3 (d, 2Jc_f =
32.9 Hz, N-CH2), - 0.2 (d, ^jQ.p = 18.3 Hz, Si(CH3)2); 8 I’F (90 MHz) = - 141.6; 
8 2’Si (400 MHz) = 8.8 (d, IJsi-p = 269.0 Hz). M /Z (EI+) = 187 (MH+) (measured 
187.0703, requires 187.0703 for C7Hi2FN2 0 Si).
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b: l-(Fluorodimethylsilylmethyl)-6-methyl-2-thiopyridone (3.28a)
Volume of solvent 5 cm^
1 -(Chlorodimethylsilylmethyl)-6-methyl-2-thiopyridone (3.28b)
1.76 g / 7.59 mmol
Antimony trifluoride 0.34 g / 1.90 mmol
Mass of crude (3.28b) isolated 1.02 g / 4.74 mmol (62%)
State Pale yellow oil.
5 IH (90 MHz) = 7.63 (d, IH, 3Jh3-H4 = 8.8 Hz, H3), 7.10 (m, IH, H4), 6.60 (d, IH, 
% 5-H4 = 7.2 Hz, H5), 4.38 (d, 2H, % .p  = 6.8 Hz, N-CH2), 2.54 (s, 3H, 6-CH3), 0.38 
(d, 6H, 3Jh-p = 8.0 Hz, Si(CH3)2); 5 » C  (400 MHz) = 179.1 (C2), 148.7 (Ce), 133.0 (C4),
132.7 (C3), 115.5 (Ce). 46.4 (d, 2Jc-p = 23.7 Hz, N-CH2), 22.8 (6-CH3), - 1.0 (d, 2Jc-p =
14.6 Hz, Si(CH3)2); 5 1»F (90 MHz) = - 150.2; 5 2!>Si (90 MHz) = 27.0 (d, IJsi-P =
281.3 Hz). M /Z (El""") = 215 (M+) (measured 215.0600, requires 215.0600 for 
C9Hi4PNSSi), 200, 196, 138, 78.
5.7; Synthesis of 5-coordinate silyl mono-chloride complexes from 
silylated ligand precursors and chloro(chloromethyl)dimethylsilane.
A solution of the silylated ligand was prepared in benzene under a nitrogen 
atmosphere. Chloro(chloromethyl)dimethylsilane (1 equivalent) was added drop-wise with 
stirring and the solution allowed to stand for 30 minutes at room temperature. Where 
crystallisation or precipitation of the title product occurred, the solvent was decanted off, 
the material washed twice with diethyl ether and dried for 1 hour under high vacuum. No 
further purification was necessary. For the examples (2.41b) and (3.20b) the solution 
remained homogeneous. The work-up procedures for these compounds are detailed 
separately below.
a: l-(Chlorodimethylsilylmethyl)-2-qumolinone (2.25b)
Volume of solvent 4 cm^
2-(Trimethylsiloxy)quinoline (2.24) 0.65 g / 2.99 mmol
Chloro(chloromethyl)dimethylsilane 0.44 g / 3.08 mmol
Mass of (2.25b) isolated 0.67 g / 2.66 mmol (89%)
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Compound was recrystallised from acetonitrile yielding colourless, needle-like, flat-ended 
crystals suitable for single crystal X-ray analysis.
6  IH (400 MHz) = 8.09 (d, IH, 3Jh4-H3 = 9.2 Hz, H4), 7.83-7.77 (m, 3H, H5/H7/H8), 7.49 
(m, IH, H6 ), 6.93 (d, IH, 3Jh3-H4 = 9.2 Hz, H3), 3.65 (s, 2H, N-CH2), 0.75 (s, 6 H, 
Si(CH3)2); S  13c ( 4 0 0  MHz) = 163.4 (C2), 143.1 (C4), 138.1 ( C g a ) .  132.7 (C7), 129.3 (C5),
124.8 (C6 ), 121.9 (C4 a), H 6.5 (Cg), 115.4 (C3), 38.6 (N-CH2), 7.4 (Si(CH3 )2); 
Ô 29si (400 MHz) = - 38.4 (solution), - 39.6 (solid state). Found % C 57.15, H 5.86,
N 5.35; requires C 57.24, H 5.60, N 5.56 (CnH^ClNOSi).
b: l-(Chlorodimethylsilylmethyl)-2-quinoxalinone (2.41b)
The solvent was removed by distillation under nitrogen and latterly by high 
vacuum pumping and the resulting brown solid residue cooled to room temperature. By 
washing the residue with diethyl ether (2 x 2  cm3) and drying the creamy white power 
obtained under high vacuum for 1 hour, the title compound was isolated.
Volume of solvent 10 cm3
2-(Trimethylsiloxy)quinoxaline (2,39) 0.85 g / 3.89 mmol
Chloro(chloromethyl)dimethylsilane 0.56 g / 3.90 mmol
Mass of (2.41b) isolated 0.80 g /  3.16 mmol (81%)
Ô IH (400 MHz) = 8.53 (s, IH, H3). 8.05 (dd, IH, 3Jh5-H6 = 8.4 Hz, 4Jh5-H7 = 16 Hz, 
H5), 7.80 (ddd, IH, 3Jh7-H8 = 8.8 Hz, 3Jh7_h6 = 7.6 Hz, ^JH7-H5 =1-6 Hz, H7), 7.67 
(dd, IH, 3jHg-H7 = 8.8 Hz, ^Jh8-H6 = 11 Hz, Hg), 7.58 (ddd, IH, 3%6_H5 = 8.4 Hz, 
3JH6-H7 = 7.6 Hz, 4Jh6-H8 = M  Hz, He), 3.54 (s, 2H, N-CH2), 0.76 (s, 6H, Si(CH3)2); 
Ô 13C (400 MHz) = 155.8 (C2), 144.3 (C3), 135.1 (Cga), 132.7 (C7), 131.5 (C4a), 130.9 
(C5), 126.0 (Ce), 115.7 (Cg), 37.3 (N-CH2), 6.9 (Si(CH3)2); 5 29Si (400 MHz) = - 27.1. 
M /Z  (EI+) =  252/254 (3:1) (M+) (measured 252.0486 (M + :3 5 c i) , requires 252.0486 for 
C iiH i335ciN2 0 Si), 251/253 (3:1) (M+-H) 237/239 (3:1) (M+-Me), 217,129.
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c: 3-(ChIorodimethylsilylmethyl)-4-pyrimidone (2.42b)
Volume of solvent 5 cm^
4-(Trimethylsiloxy)-3-pyrimidine (2.40) 1.74 g / 10.34 mmol
Chloro(chloromethyl)dimethylsilane 1.48 g / 10.35 mmol
Mass of (2.42b) isolated 1.81 g / 8.93 mmol (86%)
State White crystalline sohd
ô IH (400 MHz) = 8.38 (s, IH, H2), 8.13 (d, IH, 3Jn6-H5 = 6.4 Hz, He), 6.63 (d, IH, 
3JH5-H6 = 6.4 Hz, H5), 3.53 (s, 2H, N-CH2), 0.68 (s, 6H, Si(CH3)2); ô (90 MHz) =
163.3 (C4), 156.0 (Ce), 150.9 (C2 ), 112.7 (C5), 39.4 (N-CHz), 5.7 (Si(CH3)2); 
6 29si (400 MHz) = - 16.7. M/Z (EI+) = 202/204 (3:1) (M+) (measured 202.0329 
(M+:35c1), requires 202.0329 for C7H n 35ciN 2 0 Si), 167 (M+-C1) (measured 167.0641, 
requires 167.0641 for C7H nN 2 0 Si)
d: 2-(Chlorodimethylsilylmethylmercapto)pyridine (3.11b)
Volume of solvent 5 cm^
2-(Trimethylsilylmercapto)pyridine (3.10) 1.00 g / 5.45 mmol
Chloro(chloromethyl)dimethylsilane 0.78 g / 5.45 mmol
Mass of (3.11b) isolated 0.98 g / 4.50 uuiiul (83%)
State Yellow crystalline solid
ô IR (400 MHz) = 8.28 (d, IH, ^Jne-HS = 4.8 Hz, He), 7.70 (dd, IH, 3JH4-H3 = 8.4 Hz, 
^Jh4-H5 = 7.6 Hz, H4), 7.32 (d, IH, ^Jh3-H4 = 8.4 Hz, H3), 7.20 (dd, IH, ^Jh5-H4 = 7.6 Hz, 
3JH5-H6 = 4.8 Hz, H5), 2.65 (s, 2H, S-CH2), 0.76 (s, 6H, Si(CH3)2); ô l^c  (400 MHz) =
159.6 (C2), 144.5 (Ce), 138.6 (C4), 122.3 (C3), 120.1 (C5), 16.7 (S-CH2), 8.8 (Si(CH3)2); 
ô 29si (400 MHz) = - 19.4. M/Z (EI+) = 217/219 (3:1) (M+), 202/204 (3:1) (M+-Me), 182, 
124, 78. Found % C 44.12, H 5.52, N 6.34, Cl 14.30; requires C 44.12, H 5.55, N 6.43, 
Cl 14.72 (CgHnClNSSi).
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e: 2-(Chlorodimethylsilylmethylmercapto)-5-trifluoromethylpyridine (3.20b)
Removal of the reaction solvent by distillation under nitrogen afforded a highly 
moisture sensitive brown oil (about 0.7g). Vacuum distillation o f the oil 
(60°C/0.03 mmHg) allowed the title compound to be isolated as a bright yellow liquid.
Volume of solvent 3 cm^
5-Trifluoromethyl-2-(trimethylsilylmercapto)pyridine (3.19)
1.01 g / 3.50 mmol
Chloro(chloromethyl)dimethylsilane 0.51 g / 3.56 mmol
Mass of (3.20b) isolated 0.55 g / 1.92 mmol (55%)
5 IH (400 MHz) = 8.61 (s, IH, He), 7.69 (dd, IH, 3Jn4-H3 = 8 .8  Hz, '*Jh4-H6 = 2.4 Hz, 
H4 ), 7.34 (d, IH, 3Jh3-H4 = 8 .8  Hz, H3), 2.70 (s, 2H, S-CH2), 0.58 (s, 6 H, Si(CH3)2): 
5 13c (400 MHz) = 164.3 (C2), 145.2 (Ce), 132.9 (C4), 123.7 (q, 1Jc-f = 270.2 Hz, CF3),
122.6 (q, 2Jc-f = 33.0 Hz, C5), 121.6 (C3), 17.0 (S-CH2), 2.7 (Si(CH3)2): 5 1’ F (90 MHz) 
= - 64.2; 6  3’ Si (400 MHz) = 19.2. M/Z (EI+) = 285/287 (3:1) (M+) (measured 285.0021 
(M+;35c1), requires 285.0022 for CgHulSciPgNSSi), 270/272 (3:1) (M+-Me), 250, 192, 
93.
f: l-(ChlorodimethylsUylmethyl)-6-methyl-2-thlopyridone (3.28b)
Volume of solvent 3 cm3
6-Methyl-2-(trimethylsilylmercapto)pyridine (3.27) 1.50 g / 7.90 mmol
Chloro(chloromethyl)dimethylsilane 1.16 g /  8 .11 mmol
Mass of (3.28b) isolated 1.47 g /  6.34 mmol (80%)
State Pale yellow crystalline solid
S IR  (400 MHz) = 7.57 (d, IH, 3Jh3-H4 = 8 .8  Hz, H3), 7.22 (m, IH, H4 ), 6.70 (d, IH, 
% 5-H4 = 7.6 Hz, He), 4.34 (s, 2H, N-CH2), 2.63 (s, 3H, 6 -CH3), 0.72 (s, 6 H, Si(CH3)2);
6  1 3 c  (400 MHz) = 176.4 (C2), 149.9 (Ce), 134.6 (C4 ), 130.5 (C3), 116.6 (C5), 49.9 
(N-CH2), 23.0 (6 -CH3), 5.9 (Si(CH3)2); 5 3*S1 (400 MHz) = - 0.1. M/Z (EI+) = 231/233 
(3:1) (M+) (measured 231.0305 (M+:35ci), requires 231.0305 for CgHuSSciNSSi), 
216/218 (3 : 1) (M+-Me), 196,138.
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g: 2-(Chlorodimethylsilylmethylmercapto)-4-methylpyridine (3.32)
Volume of solvent 4 cm^
4-Methyl-2-(trimethylsilylmercapto)pyridine (3.31) 0.63 g / 3 . 19 nunol
Chloro(chloromethyl)dimethylsilane 0.46 g / 3.20 mmol
Mass of (3.32) isolated 0.58 g / 2.50 mmol (81%)
State Yellow crystalline solid
5 IH (400 MHz) = 8.08 (d, IH, 3Jh5_h5 = 6.0 Hz, Hg), 7.12 (s, IH, Hg), 7.00 (d, IH, 
3JH5-H6 = 6.0 Hz, He), 2.70 (s, 2H, S-CHg), 2.39 (s, 3H, 4-CHg), 0.77 (s, 6 H, Si(CH3)2); 
5 1 3 c  (400 MHz) = 159.7 (C2), 151.2 (C4 ) , -143.2 (Ce), 1 2 2 .0  (Cg), 121.7 (Ce), 2 1 .2  
(4-CHg), 16.6 (S-CHg), 8.4 (Si(CHg)2); S 39si (400 MHz) = - 26.9. M/Z (EI+) = 231/233 
(3:1) (M+) (measured 231.0305 (M+:35C1), requires 231.0305 for CgH^SSciNSSi), 
216/218 (3:1) (M+-Me), 196,138.
5.8: Synthesis of bi- and tri-chlorosilyl complexes (3.23) and (3.24) from 
(3.10) and the appropriate chlorosilane.
a: 2-(Dichloromethylsilylmethylmercapto)pyridine (3.23)
To a solution of (3.10) (0.50 g / 2.73 mmol) in benzene (4 cm^) under a nitrogen 
atmosphere was added (chloromethyl)dichloromethylsilane (0.45 g / 2.75 mmol) and the 
solution stirred briefly. The title compound, (3.23), precipitated from the solution as a 
yellow crystalline material within 30 minutes. The compound was isolated by decanting 
off the solvent, washing the residue with benzene ( 2 x 5  cm^) and drying it under high 
vacuum for 90 minutes. Isolated (3.23) (0.52 g / 2.18 mmol) (80%).
Ô IH (400 MHz) = 8.67 (d, IH, 3Jh6-H5 = 5.6 Hz, He), 7.80 (m, IH, H4 ), 7.39 (d, IH, 
3JH3-H4 = 7.6 Hz, H3), 7.29 (m, IH, H5), 2.91 (s, 2 H, S-CH2), 1 .0 2  (s, 3H, Si-CHg); 
Ô 13c (400 MHz) = 157.5 (C2 ), 144.3 (Ce), 139.9 (C4 ), 122.8 (C3 ), 120.5 (C5 ), 18.5 
(S-CH2), 12.0 (S1-CH3); Ô 29Si (90 MHz) = - 45.8. M/Z (EI+) 237/239/241 (9:6:1) (M+), 
222/224/226 (9:6:1) (M+-Me), 202/204 (3:1) (M+-C1), 124, 78. Found % C 34.98, H 3.74, 
N 5.64; requires C 35.30, H 3.81, N 5.88 (CvHgC^NSSi).
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b: (Trichlorosüylmethylmercapto)pyridine (3.24)
To a solution of (3.10) (0.50 g / 2.73 mmol) in benzene (2 cm^) under a nitrogen 
atmosphere was added (chloromethyl)trichlorosilane (0.51 g / 2.77 mmol) and the solution 
stirred briefly. The title compound, (3.24), precipitated from the solution as a bright yellow 
crystalline material within 20 minutes. The compound was isolated by decanting off the 
solvent, washing the residue with benzene ( 2 x 3  cm^) and drying it under a high vacuum 
for 90 minutes. Isolated (3.24) (0.61 g / 2.36 mmol) (8 6 %).
6  IR (400 MHz) = 8 .6 8  (d, 3Jh6-H5 = 6.0 Hz, He), 7.81 (m, IH, H4 ), 7.38 (d, IH, 3Jh3-H4 
= 8.4 Hz, H3), 7.30 (m, IH, H5), 3.13 (s, 2H, S-CH2); ô l^C  (400 MHz) = 155.8 (C2 ),
144.8 (Ce), 140.5 (C4), 122 .8  (C3), 120.5 (C5), 19.1 (S-CH2); 6  29si (400 MHz) = - 59.1. 
M/Z (EI+) = 257/259/261/263 (= 27:27:9:1) (M+) (measured 256.9056 (M+:35c i 3), 
requires 256.9056 for CeHe35Cl3NSSi), 222/224/226 (9:6:1) (M+-C1), 124, 78.
5.9; Synthesis of 5-coordinate silyl-bromide complexes from silylated 
ligand precursors and (bromometbyl)cblorodimetbylsilane.
A solution of the silylated ligand was prepared in benzene under a nitrogen 
atmosphere. (Bromomethyl)chlorodimethylsilane (1 equivalent) was added drop-wise with 
stirring and the solution allowed to stand for 30 minutes at room temperature. During this 
time, crystallisation or precipitation of the title compound occurred. The solvent was 
decanted off, the material washed twice with diethyl ether and dried for 1 hour under high 
vacuum.
a: l-(BromodimethylsUylmethyl)-2-qumolmone (2.25c)
Volume of solvent 5 cm^
2-(Trimethylsiloxy)quinoline (2.24) 0.65 g / 2.99 mmol
(Bromomethyl)chlorodimethylsilane 0.56 g / 2.99 mmol
Mass of (2.25c) isolated 0.74 g / 2.50 mmol (84%)
Compound recrystallised from acetonitrile yielding colourless, cubic-shaped crystals 
suitable for single crystal X-ray analysis.
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ô IH (400 MHz) = 8.22 (d, IH, 3Jh4-H3 = 8.5 Hz, H4), 7.91-7.84 (m, 3H, H5/H7/H8), 7.55 
(m, IH, H6 ), 7.04 (d, IH, 3Jh3-H4 = 8.5 Hz, H3), 3.94 (s, 2H, N-CH2 ), 0.81 (s, 6 H, 
Si(CH3)2); ô 13c (400 MHz) = 163.4 (C2), 144.1 (C4), 137.8 (Cga), 133.3 (C7), 129.4 (C5),
125.5 (Cô), 122.3 (C4 a), H7.1 (Cg), 114.6 (C3 ), 39.0 (N-CH2 ), 6 .1  (Si(CH3 )2); 
5 29si (400 MHz) = - 28.9. M/Z (EI+) = 295/297 (1:1) (M+), 294/296 (1:1) (M+-H), 
280/282 (1:1) (M+-Me), 216, 128. Found % C 49.37, H 4.88, N 4.79; requires C 48.65, 
H 4.76, N 4.73 (Ci2H i4BrNOSi).
b: 2-(Bromodimethylsilylmethylmercapto)pyridine (3.11c)
Volume of solvent 5 cm3
2-(Trimethylsilylmercapto)pyridine (3.10) 0.50 g /  2.72 mmol
(Bromomethyl)chlorodimethylsilane 0.52 g / 2.77 mmol
Mass o f (3.11c) isolated 0.55 g / 2.53 mmol (93%)
State White crystalline solid
ô IR (400 MHz) = 8.49 (d, IH, 3Jh6-H5 = 5.6 Hz, Hô), 7.96 (m, IH, H4 ), 7.51 (d, IH, 
3JH3-H4 = 8 .8  Hz, H3), 7.44 (m, IH, H5), 3.01 (s, 2H, S-CH2), 1.07 (s, 6 H, Si(CH3)2); 
6 1 3 c  (400 MHz) = 162.7 (C2 ), 143.6 (Ce), 141.2 (C4), 123.3 (C3), 1 2 1 .2  (C5 ), 16.5 
(S-CH2), 7.9 (Si(CH3)2); 8  29Si (400 MHz) = - 0 .8 . M/Z (FAB+) = 182 (M+-Br); (FAB ) = 
79/81 (1:1) (Br). Found % C 36.22, H 4.74, N 5.34; requires C 36.64, H 4.61, N 5.34 
(CgHiiBrNSSi).
c: 2-(Bromodimethylsilylmethylmercapto)-5-trîfluoromethylpyridine (3.20c)
Volume of solvent 6  cm3
5-Trifluoromethyl-2-(trimethylsilylmercapto)pyridine (3.19)
0.85 g / 3.38 mmol
(Bromomethyl)chlorodimethylsilane 0.64 g / 3.41 mmol
Mass of (3.20c) isolated 0.70 g /2 .1 3  mmol (63%)
State Yellow crystalline solid.
173-
8  IH (400 MHz) = 8.51 (s, IH, He), 7.72 (d, IH, 3Jh4-H3 = 7.8 Hz, H4 ), 7.35 (d, IH, 
3Jh3-H4 = 7.8 Hz, Hg), 2.74 (s, 2H, S-CHg), 0.66 (s, 6 H, Si(CHg)2); 5 l^C (400 MHz) =
164.5 (C2), 143.5 (Ce), 133.7 (C4), 123.0 (q, U c-f = 272.1 Hz, CFg), 122.7 (q, 2Jc-F =
34.9 Hz, Cg), 122.0 (Cg), 17.3 (S-CHg), 4.7 (Si(CHg)2 ); 8  I ’ F (90 MHz) = - 64.2; 
8  2’ Si (400 MHz) = 7.3. M /Z  (FAB+) = 250 (M+-Rr); (FAR ) = 79/81 (1:1) (R r). 
Found % C 32.51, H 3.33, N 4.21; requires C 32.73, H 3.36, N 4.24 (CgHnBrFgNSSi).
d: l-(BromodimethyIsilylmethyl)-6-methyl-2-thiopyridone (3.28c)
Volume of solvent 5 cm^
6-Methyl-2-(trimethylsilylmercapto)pyridine (3.27) 1.23 g / 6.23 mmol
(Bromomethyl)chlorodimethylsilane 1.18 g / 6.29 mmol
Mass o f (3.28c) isolated 1.66 g / 6.01 mmol (97%)
State White crystalline solid
8  IH (400 MHz /  CDgOD) = 7.65 (d, IH, 3Jng.H4 = 8.4 Hz, Hg), 7.40 (m, IH, H4), 6.99 
(d, IH, ^Jh5-H4 = 7.2 Hz, Hg), 4.47 (s, 2H, N-CHg), 2.66 (s, 3H, 6 -CHg), 0.32 (s, 6 H, 
Si(CHg)2); 8  13c (400 MHz / CDgOD) = 174.8 (Cg), 153.1 (Ce), 136.7 (C4), 131.5 (Cg),
119.4 (Cg), 47.4 (N-CHg), 22.8 (6 -CHg), - 1.5 (Si(CHg)2 ); 83»Si (unattainable, see 
Section 3.6.4). M/Z (EI+) = 196 (M+-Br) (measured 196.0616, requires 196.0616 for 
C9H i4NSSi); (FAB ) = 79/81 (1:1) (Br).
5.10: Synthesis of 5-coordinate silyl-triflate complexes from their 
chloride analogues using trimethylsilyl triflate.
To a solution or suspension of the appropriate silyl chloride complex (usually 
freshly prepared) under a nitrogen atmosphere, was added trimethylsilyl triflate 
(1 equivalent) by syringe, drop-wise, with stirring. Within 30 minutes the title product 
usually formed as a suspension in the solution. If this was the case, the solvent was 
decanted off. In the preparation of (2.25d), however, the solution remained homogeneous 
and the solvent was removed by a combination of distillation at atmospheric pressure 
under nitrogen and latterly by high vacuum pumping. The isolated material was washed 
with diethyl ether (2 x 5  cm^) and dried under high vacuum for 2  hours.
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a: l-(Dimethyltriflatosilylmethyl)-2-quinolinone (2.25d)
Volume of solvent (benzene) 10 cm^
1-(Chlorodimethylsilylmethyl)-2-quinolinone (2.25b) 0.37 g / 1.47 mmol
Trimethylsilyl triflate 0.34 g / 1.53 mmol
Mass of (2.25d) isolated 0.48 g /  1.31 mmol (89%)
Colourless, cubic-shaped crystals suitable for single-crystal X-ray analysis were grown by 
slowly cooling a hot, concentrated benzene solution.
6 IH (400 MHz) = 8.36 (d, IH, 3Jh4-H3 = 9.2 Hz, H4), 7.95-7.88 (m, 3H, Hg/Hy/Hg), 7.64 
(m, IH, Hg), 7.11 (d, IH, 3JH3-H4 = 9.2 Hz, Hg), 3.88 (s, 2H, N-CHg), 0.69 (s, 6 H, 
Si(CHg)2); 8 13c (400 MHz) = 163.4 (C2), 145.5 (C4), 137.7 (Cga), 133.9 (C7), 129.7 (Cg),
126.4 (Cg), 122.8 (C4a), 119.8 (q, Hc-F = 316.4 Hz, SOgCFg), 117.2 (Cg), 113.8 (Cg), 37.2 
(N-CH2), 2.7 (Si(CHg)2); 8 1»F (90 MHz) = - 79.9; 8  3»S1 (400 MHz) = - 8.1. M/Z (EI+) = 
365 (M+), 364 (M+-H), 350, 216, 128. Found % C 42.24, H 3.99, N 3.77; requires 
C 42.73, H 3.86, N 3.83 (CigHi4FgN04SSi).
b: 2-(Dimethyltriflatosilylmethylmercapto)pyridine (3.l id )
Volume of solvent (diethyl ether) 3 cm^
2-(Chlorodimethylsilylmethylmercapto)pyridine (3.11b) 0.24 g / 1.10 mmol
Trimethylsilyl triflate 0.20 g / 1.22 mmol
Mass o f (3.l id )  isolated 0.29 g / 0.88 mmol (80%)
State White crystalline solid
Ô IH (400 MHz) = 8.61 (d, IH, 3Jh6-H5 = 6.0 Hz, H^), 8.07 (m, IH, H4 ), 7.63 (d, IH,
3JH3.H4 = 8.8 Hz. H 3), 7.55 (m. IH , H5). 2.80 (s, 2H. S-CH2 ), 0.87 (s, 6H, SKCHb)?); 
Ô 13c (400 MHz) = 164.4 (C2), 143.9 (Ce), 143.3 (C4), 123.6 (C3), 122.3 (C5), 120.5 
(q, IJc-F = 327.3 Hz, SO3ÇF3), 12.5 (S-CH2), 0.8 (Si(CH3)2); 5 l^F (90 MHz) = - 80.1; 
Ô 29si (400 MHz) = 40.6. M /Z (EI+) = 182 (M+-OTf) (measured 182.0459, requires 
182.0459 for CgH^NSSi); (FAB') = 149 ( UTf), 80, 69.
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c: 2-(Dimethyltriflatosilylmethylmercapto)-5-trifluoromethylpyridine (3.20d)
Volume of solvent (diethyl ether) 2 cm^
2-(Chlorodimethylsilylmethylmercapto)-5-trifluoromethylpyridine (3.20b)
0.50 g / 1.75 mmol
Trimethylsilyl triflate 0.40 g /  1.80 mmol
Mass of (3.20d) isolated 0.54 g /  1.35 mmol (77%)
State Yellow crystalline solid
5 IH (400 MHz) = 8.62 (s. IH, Hg), 8.13 (dd, IH, 3JH4-H3 = 8 .8  Hz, 4JH4-H6 = 2.0 Hz, 
H4 ), 7.77 (d, IH, 3Jh3-H4 = 8 .8  Hz, Hg), 2.77 (s, 2 H, S-CH2 ), 0.82 (s, 6 H, Si(CHg)2); 
5 » C  (400 MHz) = 167.2 (C2 ), 140.5 (Cg), 137.3 (C4 ), 124.6 (q, 2Jc-f = 34.8 Hz, Cg),
123.7 (Cg), 122.0 (q, Uc-F = 270.6 Hz, 5-CFg), 119.2 (q, 1Jc-F = 316.3 Hz, SOgCFg), 13.3 
(S-CH 2 ), 3.2 (Si(CHg)2 ); 8  (90 MHz) = - 64.5 (5-CFg), - 80.0 (SOgCFg);
8  2»Si (400 MHz) = 7.6. M/Z (FAB+) = 250 (M+-OTf); (FAB") = 149 ( OTf). 80, 69. 
Found % C 30.34, H 2.82, N 3.86; requires C 30.07, H 2.78, N 3.51 (CioHnFgNOgSgSi).
d: l-(DimethyItriflatosilyImethyl)-6-methyI-2-thiopyridone (3.28d)
Volume of solvent (toluene) 10 cm^
l-(Chlorodimethylsilylmethyl)-6 -methylpyridine (3.28b) 0.17 g / 0.73 mmol
Trimethylsilyl triflate 0.16 g / 0.74 mmol
Mass of (3.28d) isolated 0.21 g /  0.61 mmol (84%)
State White crystalline solid
8  IR (400 MHz /  CDgCN) = 7.94 (m, IH, H4), 7.72 (d, IH, % g.H 4 = 8.4 Hz, Hg), 7.43 
(d, IH, 3jHg-H4 = 8.0 Hz, Hg), 4.24 (s, 2H, N-CH2 ), 2.70 (s, 3H, 6 -CHg), 0.75 (s, 6 H, 
Si(CHg)2 ); 8  13C (400 MHz /  CDgCN) = 163.9 (C2 ), 158.4 (Cg), 143.4 (C4 ), 126.4 (Cg),
124.6 (Cg), 122.0 (q, Uc-F = 318.2 Hz, SOg£Fg), 50.4 (N-CH2 ), 22.9 (6 -CHg), 1.2 
(Si(CHg)2 ); 8  I’ F (90 MHz /  CDgCN) = - 75.8; 8  ^ S i  (400 MHz /  CDgCN) = 26.7. 
M /Z (EI+) = 196 (M+-OTf) (measured 196.0616, requires 196.0616 for C9H i4NSSi); 
(FAB-) = 149 (-OTf), 80,69.
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5.11: Synthesis of ‘0%’ models for mapping series (3.11a-d) and 
(3.20a-d).
To a solution of the appropriate silylated ligand in toluene (20 cm^) was added 
(iodomethyl)trimethylsilane (1 equivalent). The mixture was refluxed for 3 days under a 
nitrogen atmosphere and allowed to cool to room temperature. The solution was 
hydrolysed by stirring vigorously with aqueous sodium hydroxide (0.1 M) (10 cm^) 
overnight. The organic phase was extracted into dichloromethane (3 x 30 cm^) and the 
extracts combined and dried over magnesium sulfate. Removal of the solvent on a rotary 
evaporator afforded about 1 g of a brown oil. By high vacuum distillation (0.05 mmHg) of 
this oil, the title compound was isolated as a pale yellow liquid.
a: 2-(Trimethylsilylmethyhnercapto)pyridine (3.16)
2-(Trimethylsilyhnercapto)pyridine (3.10) 0.85 g / 4.64 mmol
(lodomethyl)trimethylsilane 1.00 g /  4.67 mmol
Mass of (3.16) obtained 0.83 g /  4.21 mmol (91%)
Boiling point 50“C (0.05 mmHg)
5 iR  (90 MHz) = 8.41 (ddd, IH, ^Jh6-H5 = 4.9 Hz, ^Jh6-H4 = 1 .8  Hz, ^Jh6-H3 = 0-9 Hz, 
Hg), 7.43 (ddd, IH, ^Jh4-H3 = 8.2 Hz, ^Jh4-H5 = 7.2 Hz, ^Jh4-H6 = 1-8  Hz, H4 ), 7.17 
(ddd, IH, 3Jh3-H4 = 8.2 Hz, ^Jh3-H5 = 1.2 Hz, ^Jh3-H6 = 0.9 Hz, Hg), 6.91 (ddd, IH, 
^Jh5-H4 = 7.2 Hz, ^Jh5-H6 = 4.9 Hz, 4Jh5_h3 = 1.2 Hz, Hg), 2.37 (s, 2H, S-CH2), 0.15 
(s, 9H, Si(CH3)3); 8  (90 MHz) = 161.4 (C2), 149.2 (Cg), 135.6 (C4), 121.3 (C3), 118.9
(C5), 15.4 (S-CH2), - 1.6 (Si(CH3)3); 8  (90 MHz) = 1.9. M/Z (EI+) = 197 (M+), 182,
167, 124, 78, 73. Found % C 54.35, H 7.48, N 6.98; requires C 54.77, H 7.66, N 7.10 
(CçHisNSSi).
b: 5-Trifluoromethyl-2-(trimethylsilylmethylmercapto)pyridine (3.21)
5-Trifluoromethyl-2-(trimethylsilylmercapto)pyridine (3.19)
1.10 g / 4.39 mmol
(lodomethyl)trimethylsilane 0.94 g / 4.39 nunol
Mass of (3.21) obtained 0.53 g / 2.00 nunol (46%)
Boiling point 52“C (0.05 mmHg)
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ô IH (90 MHz) = 8.67 (s, IH, Hg), 7.63 (dd, IH, 3Jh4-H3 = 8.5 Hz, ^Jh4-H6 = 2.5 Hz, H4),
7.27 (d, IH, 3Jh3-H4 = 8.5 Hz, H3 ), 2.41 (s, 2H, S-CH2 ), 0.16 (s, 9H, Si(CH3)3); 
ô 13c (90 MHz) = 166.5 (C2), 146.2 (Cg), 132.2 (C4), 124.1 (q, IJc-F = 271.9 Hz, CF3),
122.0 (q, 2Jc_f = 33.6 Hz, C5 ), 120.9 (C3 ), 15.4 (S-CH2 ), - 1.7 (Si(CH3)3); 
S 19F (90 MHz) = - 64.0; 8  29Si (90 MHz) = 2.1. M /Z (ET+) = 265 (M+). 250, 246, 73. 
Found % C 45.43, H 5.02, N 5.44; requires C 45.26, H 5.32, N 5.28 (CioHi4F3NSSi).
5.12: Synthesis of ‘100%’ models for mapping complex series (3.11a-d) 
and (3.20a-d).
A solution of the appropriate 2-(trimethylsilylmethylmercapto)pyridine compound 
in benzene (5 cm^) was prepared and methyl triflate (1 equivalent) added drop-wise by 
syringe. A white precipitate of the title compound formed within 5 minutes and was 
isolated by decanting off the solvent and washing the residue with diethyl ether (2 x 1 cm^) 
before drying it under high vacuum for 1 hour.
a: l-MethyI-2-(trimethylsilylmethyImercapto)pyridinium triflate (3.17)
2-(Trimethylsilylmethylmercapto)pyridine (3.16) 0.26 g / 1.32 mmol
Methyl tiiflate 0.22 g / 1.32 mmol
Mass of (3.17) isolated 0.45 g /  1.23 mmol (93%)
8  IR (400 MHz) = 8 .8 8  (d, IH, 3jHg.H5 = 5.6 Hz, Hg), 8.33 (m, IH, H4 ), 8.07 (d, IH, 
3JH3-H4 = 8.4 Hz, H3), 7.61 (m, IH, Hg), 4.25 (s, 3H, N-CH3), 2.46 (s, 2H, S-CH2), 0.27 
(s, 9H, Si(CH3)3); 6  13c (400 MHz) = 163.1 (C2), 146.7 (Cg), 143.5 (C4 ), 124.6 (C3),
122.0 (Cg), 120.7 (q, 1Jc-f = 321.7 Hz, SO3ÇF3), 45.8 (N-CH3), 17.9 (S-CH2), - 1.8 
(Si(CH3)3 ); 8  19 f (90 MHz) = - 80.1; 8  ^9si (400 MHz) = 3.5. M/Z (FAB+) = 212 
(M+-OTf), 73; (FAB’) = 149 (’OTf), 80, 69. Found % C 36.12, H 4.93, N 3.78; requires 
C 36.55, H 5.01, N 3.87 (CiiHigF3N03S2Si).
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b: l-Methyl-5-trifluoromethyl-2-(trimethylsilylmethylmercapto)pyridinium triflate 
(3.22)
5-Trifluoromethyl-2-(trimethylsilylinethylmercapto)pyridine (3.21)
0.40 g / 1.51 mmol
Methyl triflate 0.25 g / 1.52 mmol
Mass of (3.22) isolated 0.63 g / 1.46 mmol (97%)
ô IH (90 MHz) = 9.13 (s, IH, Hg), 8.37-8.32 (m, 2H, H3/H4), 4.28 (s, 3H, N-CH3), 2.53 
(s, 2H, S-CH2), 0.26 (s, 9H, Si(CH3)3); ô l^C (90 MHz) = 168.3 (C2). 144.5 (Cg), 139.1 
(C4), 125.8 (C3), 124.6 (q, %_F = 37.5 Hz, Cg), 121.8 (q, Uc-F = 270.1 Hz, 5 -CF3), 120.8 
(q, iJc-F = 323.3 Hz, SO3Ç F 3 ), 46.5 (N-CH3 ), 18.2 (S-CH2 ), - 1.9 (Si(CH3)3); 
ô 19p (90 MHz) = - 64.6 (5 -CF3), - 80.4 (SO3CF3); ô 29Si (90 MHz) = 3.7. M/Z (FAB+) = 
280 (M+-OTf), 73; (FAB ) = 149 ( OTf), 80, 69. Found % C 33.44, H 3.82, N 3.38; 
requires C 33.56, H 3.99, N 3.26 (Ci2HnFgN0 3 S2Si).
5.13: Synthesis of ‘model’ compounds for the complex series (2.25a-d). 
a: Disiloxane (2.26)
(2.25b) (4.54 g / 15.33 mmol) was dissolved in acetone (20 cm^) with stirring. 
Distilled water (20 cm^) was added and stirring continued for a further 16 hours at room 
temperature. The solution was extracted with chloroform (3 x 50 cm^) and the aqueous 
phase discarded. The extracts were combined and dried over magnesium sulfate. Removal 
of the solvent initially by rotary evaporation and latterly by high vacuum pumping 
afforded the title compound as a colourless, highly viscous oil. Isolated (2.26) (5.21 g /
11.61 mmol) (76%).
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5 IH (400 MHz) = 7.66 (d, 2H, 3Jh4-H3 = 9.2 Hz, H4), 7.57 (m, 4H, H5/H7), 7.39 (m, 2H, 
Hg), 7.20 (m, 2H, Hg), 6.72 (d, 2H, 3JH3-H4 = 9.2 Hz, Hg), 3.66 (s, 4H, N-CHg), 0.13 
(s, 12H, Si(CHg)2); 6  13C (400 MHz) = 161.8 (C2), 139.9 (C ga), 138.4 (C4), 130.3 (C7),
128.7 (Cg), 121.8 (Cg), 120.9 (Cg), 120.8 (C4a), 115.3 (Cg), 35.4 (N-CHg), 1.1 (Si(CHg)2);
6  (400 MHz) = 1.5. M /Z  (EI+) = 433 (M+-Me) (measured 433.1404, requires 
433.1404 for C23H25N 2 0 3 S i2 ), 290 (measured 290.1033, requires 290.1033 for 
Ci4H2oN02Si2), 216.
b: (2.26)-trimethylsiIyltriflate adduct, (2.27)
In a 10 mm NMR tube capped by a rubber septum was prepared a solution of 
(2.26) (0.45 g / 1.00 mmol) in deuterochloroform (2.5 cm^). To the solution was added, by 
syringe, trimethylsilyl triflate (0.45 g / 2.02 mmol) and the reagents shaken briefly 
together. (2.27) could only be observed in solution and is characterised by its NMR 
spectra.
6  IH (400 MHz) = 8.56 (d, 2H, 3Jh4-H3 = 9.4 Hz, H4 ), 8.03 (m, 2H, Hg), 7.95 (m, 2H, 
H7 ,), 7.88 (m, 2H, Hg), 7.67 (m, 2H, Hg), 7.22 (d, 2H, 3JH3-H4 = 9.4 Hz, Hg), 3.96 (s, 4H, 
N-CH2), 0.73 (s, 12H, Si(CHg)2), 0.08 (s, 18H, Si(CHg)g); 8  » C  (400 MHz) = 163.3 (Cg),
146.3 (C4), 137.6 (C ga), 133.9 (C7), 130.1 (Cg), 126.5 (Cg), 123.2 (C4a), 120.9 (q, U c-f =
320.0 Hz, SOgCFg), 117.1 (Cg), 113.7 (Cg), 37.1 (N-CHg), 2.0 (Si(CHg)g), 1.6 (Si(CHg)2); 
8  I’F (90 MHz) = - 80.0; 8  2»Si (90 MHz) = 11.7 (Si(CHg)g), - 0.8 (Si(CHg)2).
c; (2.28a)-trimethylsilyltriflate adduct, (2.28b)
In a 10mm NMR tube capped by a rubber septum was prepared a solution of 
(2.28a) (0.14 g / 0.89 mmol) in deuterochloroform (2.5cm^). To the solution was added, by 
syringe, trimethylsilyl triflate (0.20 g / 0.89 mmol) and the reagents shaken together 
briefly. The structure (2.28b) could only be observed in solution and is characterised by its 
NMR spectra.
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5 IH (400 MHz) = 8.75 (d, IH, 3Jh4-H3 = 9.2 Hz, H4), 8.07 (m, IH, Hg), 8.01 (m, IH, Hg), 
7.95 (m, IH, H?), 7.64 (m, IH, Hg), 7.39 (d, IH, 3Jh3-H4 = 9.2 Hz, Hg), 4.17 (s, 3H, 
N-CHg), 0.51 (s, 9H, Si(CHg)g); 5 " C  (90 MHz) = 157.9 (C2), 147.6 (C4), 137.1 (Cga),
134.3 (C7), 129.4 (Cg), 126.8 (Cg), 123.3 (C4a), 120.8 (q, >Jc-F = 320.4 Hz, SOgCFg),
117.0 (Cg), 113.0 (Cg), 33.6 (N-CHg), - 0.9 (Si(CHg)g); 8  " F  (90 MHz) = - 80.2; 
8  29Si (90 MHz) = 12.2.
5:14; Desilylation reactions of silyl fluorides.
5.14.1: Desilylation by hydroxide ion attack.
The synthesis proceeded as though preparing a silyl-fluoride complex (Section 5.5) 
until the point of hydrolysis of the fluorinated reaction mixture. At this point, hydrolysis 
was performed with 5M sodium hydroxide (50 cm^) rather than distilled water. The di­
phasic mixture was vigorously stirred for 18 hours before the organic fraction was 
extracted into dichloromethane (3 x 50 cm^). The extracts were combined and dried over 
magnesium sulfate. Removal of the solvent left a residue of the desilylated product which 
was washed with diethyl ether (2  x 10 cm^).
a: 3-Methyl-4-pyrimidone (2.46)^05
Volume of benzene 5 cm^
3-(Chlorodimethylsilylmethyl)-4-pyrimidone (2.42b) 2.10 g /  10.34 mmol
Antimony trifluoride 0.47 g / 2.63 mmol
Mass of (2.46) isolated 0.52 g / 4.72 mmol (46%)
State White crystalline sohd.
Ô IH (400 MHz) = 8.14 (s, IH, Hi), 7.90 (d, IH, 3Jh6-H5 = 6.4 Hz, Hg), 6.47 (s, IH, 
3JH5-H6 = 6.4 Hz. Hg), 3.53 (s, 3H, N-CH3); Ô l^C (400 MHz) = 161.5 (C4), 153.5 (Cg),
151.5 (Cl), 115.7 (Cg), 34.4 (N-CH3). M/Z (EI+) = 110 (M+), 82, 42.
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b: l-Methyl-2-quinolinone (2.28a)206
Volume of benzene 15 cm^
1 -(Chlorodimethylsilylmethyl)-2-quinolinone (2.25b) 1.49 g / 6.16 mmol
Antimony trifluoride 0.37 g / 2.05 mmol
Mass of (2,28a) isolated 0.76 g / 4.77 mmol (77%)
State Colourless oil, boiling point 110°C (0.07 mmHg).
ô IR (90 MHz) = 7.55 (d, IH. 3Jh4-H3 = 9.5 Hz, H4), 7.48-7.13 (m, 4H, Hg.g), 6.61 (d, IH, 
3JH3-H4 = 9.5 Hz, H3), 3.59 (s, 3H, N-CH3); ô l^C (90 MHz) = 161.4 ( C i) ,  139.1 (Cga),
138.2 (C4), 129.9 (C7), 128.0 (Cg), 121.3 (C g), 120.7 (C3), 119.8 (C4a), 113.3 (C g), 28.5 
(N-CH3). M/Z (EI+) = 159 (M+), 130.
c: l-Methyl-2-quinoxalinone (2.47)207
Volume of benzene 10 cm^
l-(Chlorodimethylsilylmethyl)-2-quinoxalinone (2.41b) 1.09 g / 4.32 mmol
Antimony trifluoride 0.26 g / 1.44 mmol
Mass of (2.47) isolated 0.50 g / 3.12 mmol (72%)
State White solid (melting point 59°C)
ô IR (400 MHz) = 8.30 (s, IH, H3), 7.87 (dd, IH, 3JH5-H6 = 8.4 Hz, ^Jng-H? = 1.3 Hz, 
Hg), 7.60 (m, IH, H7), 7.37 (m, IH, Hg), 7.35 (d, IH, ^Jh8-H7 = 8.4 Hz, Hg), 3.69 (s, 3H, 
N-CH3). 6 1 3 c  (400 MHz) = 155.0 (C%), 150.1 (C3 ), 133.3/133.2 (Qa/Cga), 131.1 (C7),
130.4 (Cg), 123.8 (Cg), 113.8 (Cg), 28.7 (N-CH3). M/Z (EI+) = 160 (M+).
5.14.2: Desilylation by fluoride ion attack.
l,6-Dimethyl-2-thiopyridone (3.40)
The synthesis proceeded as though preparing (3.28a) but using half an equivalent 
of antimony trifluoride. Work-up was performed as for (3.28a) except that the residue 
obtained following the removal of solvent was of (3,40). The product was purified by 
recrystallisation from 1:1 diethyl ether/ethyl acetate yielding a pale yellow crystalline 
solid.
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Volume of benzene 5 cm^
1 -(Chlorodimethylsilylmethyl)-6-methyl-2-thiopyridone (3.28b)
2.39 g / 10.29 mmol 
Antimony trifluoride 0.92 g / 5.15 mmol
Mass of recrystallised (3,40) isolated 1.17 g / 8.40 mmol (82%)
6 lH  (90 MHz) = 7.64 (d, IH, 3Jh3_h4 = 8 .6  Hz, H3), 7.04 (m, IH, H4), 6.50 (d, IH, 
3JH5-H4 = 6 .8  Hz, Hg), 4.04 (s, 3H, N-CH3), 2.47 (s, 3H. 6 -CH3); ô l^C (90 MHz) =181.4  
(C2 ), 149.4 (Cg), 133.6 (C3 ), 133.4 (C4 ), 115.1 (C g ), 40.0 (N-CH3 ), 22.5 (6 -CH3). 
M/Z (EI+) = 139 (M+), 124, 94. Found % C 59.97, H 6.47, N 9.93; requires C 60.39, 
H 6.52, N 10.06 (C7H9NS).
5.15: M iscellaneous reactions, 
a: Protonated silanol complex (2.30a)
(2.30a) co-crystallised with (2.25b) (approximately 1:3) from a saturated 
acetonitrile solution of (2.25b) left to partially evaporate in air over 24 hours. It is 
characterised by its X-ray crystal structure (see appendix). The colourless, needle-like 
crystals have wedge-shaped ends, unlike those of (2.25b) whos needles are flat-ended.
b: l,6-üimethyl-2-(methylmercapto)pyridinium triflate (3.41)
(3.40) (0.18 g / 1.29 mmol) was dissolved in toluene (7 cm^) under a nitrogen 
atmosphere. Methyl triflate (0.23 g / 1.40 mmol) was added drop-wise with stirring. The 
solution momentarily turned cloudy before the title compound, (3.41), precipitated as a 
yellow crystalline solid. The solvent was decanted off, the crystals washed with diethyl 
ether ( 3 x 5  cm^) and dried on a high vacuum line for 2 hours. Isolated (3.41) (0.22 g / 
0.73 mmol) (52%).
ô lR  (90 MHz) = 8.13 (m. IH, H4), 7.73 (d. IH, 3Jh3_h4 = 8 .6  Hz, H3), 7.57 (d, IH, 
3JH5-H4 = 8.1 Hz, Hg), 4.09 (s, 3H, N-CH3), 2.81 (s, 3H, 6 -CH3), 2.78 (s, 3H, S-CH3); 
Ô13C (90 MHz) = 161.7 (C2), 156.4 (Cg), 142.8 (C4), 124.1 (Cg), 122.4 (C3 ), 120.8 
(q, IJc-F = 319.8 Hz, SO3CE3), 40.7 (N-CH3 ), 2 1 .8  (6 -CH3 ), 16.4 (S-CH3); 
6  19f (90 MHz) = - 80.1. M/Z (FAB+) = 154 (M+-OTf), 139, 107, 92; (FAB ) = 149 
(-OTf), 80, 69. Found % C 35.20, H 4.01, N 4.55; requires C 35.64, H 3.99, N 4.62 
(C9H 12F3NO3S2).
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c: Hexacoordinate complex (3.42)
A solution of (3.10) (0.99 g / 5.40 mmol) in dry benzene (10 cm^) was prepared 
under a nitrogen atmosphere. Dichloro(dichloromethyl)methylsilane (0.54 g / 1.80 mmol)
(V3 equivalent) was added drop-wise with stirring. Within
. c
\  2 3 30 minutes the title compound, (3.42), precipitated from
. jq \  4  the solution as bright yellow crystalline solid. The solvent 
I 5 c  was decanted away from the product and the precipitate
^ 2  n washed with diethyl ether ( 2 x 5  cm^). The material was
\ = /  Me  ^ I 'C1
3'
4'
(3.42) isolated by high vacuum pumping for 1 hour. Isolated
(3.42) (0.67 g / 1.59 mmol) (8 8 %).
6  iR  (400 MHz) = 9.49 (d, I H ,  = 6.4 Hz, Hg.). 8.36 (d, 2H. 3IH6-H5 = 6.0 Hz,
Hg), 7.99 (m, 2H, H4), 7.75 (m, IH, H4 O, 7.62 (d, 2H, 3Jh3-H4 = 7.6 Hz, H3), 7.61 (m, IH, 
Hg'), 7.39 (m, 2H, Hg), 7.16 (d, IH, 3Jh3'-H4* = 8.4 Hz, H3'), 4.01 (s, IH, H7), 1.04 (s. 3H, 
Si-CH3); 8  13c (400 MHz) = 171.8 (C2 ’), 158.1 (C2). 145.4 (Cg.), 143.5 (Cg), 142.3 (C4 .),
141.4 (C4), 126.8 (C3 .), 123.3 (C3), 122.5 (Cg), 118.9 (Cg.), 35.4 (C7), 8 .2  (Si-CHg); 
8  2 9 s i (400 MHz) = - 104.2. M/Z (EI+) = 387 (M+- Cl), 234, 124, 111, 78. 
Found % C 48.09, H 4.23, N 10.02; requires C 48.38, H 3.82, N 9.95 (C ^ H igC ^ S gS i).
d: Bis(S-2-mercaptopyridinyl)methane (3.43)
(3.42) (0.27 g / 0.64 mmol) was dissolved in a 2:1 v/v acetone/water mixture 
(20 cm3) and the solution stirred for 18 hours. The solution was extracted with toluene 
(2 X 20 cm3) and the aqueous phase discarded. The organic extracts were combined and 
dried over magnesium sulfate and the solvent removed by rotary evaporation. The 
remaining pale yellow residue, being the title compound, was washed with diethyl ether 
(5 cm3) and allowed to dry in air. Isolated (3.43) (0.07 g / 0.35 mmol) (55%).
8  IR (90 MHz) = 8.48 (d, 2H, 3jHg_H5 = 5.1 Hz, Hg), 7.50 (m, 2H, H4 ), 7.16 (d, 2H, 
3JH3-H4 = 8.1 Hz, Hb), 6.99 (m, 2H, Hg), 1.26 (s, 2H, S-CH2-S); 8  13c (90 MHz) = 157.7 
(C2). 149.5 (Cg), 136.0 (C4), 122.5 (C3), 119.7 (C g), 29.7 (S-CH2-S). M/Z (EI+) = 234 
(M+), 124, 111, 78. Found % C 55.98, H 4.50, N 11.59; requires C 56.38, H 4.30, N 11.95 
(C11H 10N 2S2).
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Part B: Compounds from Chapter 4 .
5.16: Preparation of other dihalodiphenyltin compounds from 
dichlorodiphenyltin (4.42b).
(4.42b) was dissolved in aqueous sodium hydroxide (2M) (120 cm^) and the 
solution stirred under reflux for 2 hours. After cooling the reaction to room temperature, 
the resulting white suspension, that of diphenyltin oxide (4.43), was filtered-off and 
washed with distilled water (40 c m ^ )  and acetone (2 x 40 c m ^ ) .  The product was dried in 
an oven (50“C) overnight and used without any further purification or characterisation.
To a stirred suspension of (4.43) in distilled water (60 cm^) was added the 
appropriate concentrated aqueous hydrohalic acid and the solution refluxed gently for 
90 minutes. The completion of the reaction was observed from the complete dissolution of 
the suspension and the formation of a brown, oily layer at the bottom of the reaction flask. 
The cooled two-phase solution was extracted with dichloromethane (3 x 40 cm^) and the 
aqueous phase discarded. The organic extracts were combined and dried over magnesium 
sulfate. Removal of the solvent by rotary evaporation afforded a residue of the crude 
dihalodiphenyltin compound.
a: Dibromodiphenyltin (4 .4 2 c )^08
Mass of dichlorodiphenyltin (4.42b) 8.03 g / 23.36 mmol
Volume of concentrated aqueous hydrobromic acid 18 cm^
The brown residue was in the form of a viscous oil and was vacuum distilled 
(approximately 100°C, 0.07 mmHg) allowing pure (4.42c) to be collected as a colourless
distillate. The liquid subsequently crystallised at room 
temperature over 2  days yielding hexagonal-shaped crystalline 
SnPhX2 plates. Isolated (4.42c) (7.26 g / 16.78 mmol) (72%). Melting 
point 35-37°C.
Ô iR  (90 MHz) = 7.65-7.44 (m, lOH, H2-4); 6  (90 MHz) = 137.2 (Ci), 134.8 (C2),
131.6 (C4), 129.5 (C3); Ô ll^ sn  (90 MHz) = - 73.1. M/Z (EI+) = 432 (M+), 353, 276, 199, 
77.
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b: Diiododiphenyltin (4.42d)209
Mass of dichlorodiphenyltin (4.42b) 11.71 g / 34.03 mmol
Volume of concentrated aqueous hydroiodic acid 40 cm^
The oil quickly solidified at room temperature and was found to be sufficiently 
pure for analysis. Isolated (4.42d) (10.82 g / 20.54 mmol) (60%). Melting point 80-85“C.
Ô IH (90 MHz) = 7.70-7.41 (m, lOH, H2-4); 6 l^C (90 MHz) = 136.1 (Ci), 134.7 (C2),
131.2 (C4), 129.2 (C3); Ô (90 MHz) = - 244.3. M/Z (EI+) = 528 (M+), 451, 401, 
247, 197,77.
5.17: Synthesis of N-aryl substituted 4-pyridone ligands (4.7) and (4.57) 
from maltol and primary amines.
Maltol (4.1) (12.09 g / 95.87 mmol) was suspended in water (300 c m ^ ) .  
Concentrated hydrochloric acid (10 cm^) was added with stirring followed by the 
appropriate aromatic primary amine (2 equivalents). The solution was refluxed for 3 days 
and allowed to cool to room temperature. Cooling caused the crystallisation of the title 
compound which could be separated from the solution by filtration. The residue was 
washed with diethyl ether (40 cm^) and recrystallised from hot methanol. A second batch 
of crystals was obtained by evaporating half of the solvent from the filtrate and 
recrystallising the suspension thus formed.
a: 3-Hydroxy-2-methyI-l-phenyl-4-pyridone (4 .7 ) 1^ 3
Mass of aniline 19.02 g /  0.20 mol
Mass of product isolated ( 1 st recrystallisation) 7.19 g
Mass of product isolated (2nd recrystallisation) 4.68 g
Total (4.7) isolated 11.87 g / 58.99 mmol (62%)
State Creamy-white, needle-like crystals
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8 IH (90 MHz / CDgCN) = 7.60-7.39 (m, 6 H, HgÆiig-w), 6.30 (d, 1Jh5-H6 = 7.3 Hz, Hg).
5.9 (br, IH, OH), 2.03 (s, 3H, CHg); S " C  (90 MHz /  CDgCN) = 170.8 (C4 ), 146.3 (Cg),
142.9 (Cg), 139.3 (Cg), 130.7 (C12), 130.4 (C14), 130.0 (C n), 128.1 (Cig), 111.1 (Cg),
13.9 (CHg). M/Z (EI+) = 201 (M+), 200 (M+-H), 184, 77. Found % C 71.68, H 5.55, 
N 6.91; requires C 71.63, H 5.51, N 6.96 (CigHnNOg).
b: 3-Hydroxy-l-(4-methoxyphenyl)-2-methyl-4-pyridone (4 .5 7 ) 1®3
Mass of 4-methoxyaniline 23.79 g / 0.19 mol
Mass of product isolated (1st recrystalüsation) 8.55 g
Mass of product isolated (2nd recrystallisation) 5.34 g
Total (4.57) isolated 13.89 g / 64.53 mmol (67%)
State Grey plate-like crystals
Ô IH (90 MHz) = 7.29 (d, IH, 3JH6-H5 = 7.4 Hz, Hg), 7.20 (d, 2H, 3Jhi2-h13 = 9.2 Hz, 
H i2 ), 6.99 (d, 2H, 3Jhi3-h12 = 9.2 Hz, H13), 6.45 (d, IH, 3Jh5-H6 = 7.4 Hz, Hg), 5.4 
(br, IH, OH), 3.87 (s, IH, O-CH3), 2.10 (s, 3H, 2 -CH3); Ô 13c (90 MHz) = 170.0 (C4 ),
160.1 (C14), 145.6 (C2 ), 137.7 (Cg), 134.6 (C3), 129.1 (C n), 127.8 (C12), 114.8 (C13),
110.8 (Cg), 55.6 (O-CH3), 13.6 (2 -CH3). M/Z (EI+) = 231 (M+), 216.
5.18: Synthesis of 3-hydroxy-2-methyl-4-thiopyrone (4.8) from (4.1) and 
phosphorous pentasulfide.^io
Maltol (4.1) (5.15 g / 40.84 mmol) and phosphorous pentasulfide (2.22 g /
5.00 mmol) were dissolved in dioxane (80 cm3) and the solution stirred under reflux for
90 minutes. After cooling to room temperature the black suspension was removed by
filtration. The filtrate was poured into water (150 cm3) which caused the immediate
precipitation of a brown solid. This material was isolated by filtration and dissolved in
warm 95% ethanol (15 cm3). Standing the solution in a fridge (0°C) for 5 hours yielded
6/^ ^ v ^ 7^ C H 3 small yellow crystals of the title compound. The remaining solvent
was decanted away, the crystals washed with diethyl ether (1 0  cm3)
 ^ and dried in the air. Isolated (4.8) (4.05 g / 28.49 mmol) (70%).
(4.8)
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ô IH (400 MHz) = 7.78 (s, IH. OH), 7.58 (d, IH, 3Jh6-H5 = 5.0 Hz, Hg), 7.32 (d, IH, 
3JH5-H6 = 5.0 Hz, Hg). 2.45 (s, 3H, CH3); ô (400 MHz) = 185.9 (C4 ), 150.6 (C2),
147.0 (Cg), 145.3 (C3), 124.2 (Cg), 15.1. M/Z (EI+) = 142 (M+).
5.19: Synthesis of pentacoordinated triphenyltin complexes from the 
ligands sodium salts and chlorotriphenyltin.
Part A
To a dichloromethane solution (50 cm^) of the appropriate ligand was added a 
freshly ground powder of sodium hydroxide (1 equivalent) with stirring. After 18 hours of 
further stirring under a nitrogen atmosphere, a light brown suspension formed and was 
isolated by filtration. This residue was dried under high vacuum (0.05 mmHg) in an oil 
bath (120°C) for 2 hours. The product, a deep brown flaky solid, was that of the ligands 
sodium salt and was used immediately without further purification or characterisation. 
PartB
A portion of this material was suspended in a dichloromethane solution (50 cm^) of 
chlorotriphenyltin (4.42a) (1 equivalent) and stirred for 18 hours under a nitrogen 
atmosphere. At the end of the reaction the reaction mixture consisted of a brown solution 
and white suspension. The suspension was removed by filtration and discarded. The 
solvent was removed from the filtrate by rotary evaporation to leave a residue of the crude 
title complex as a brown crystalline solid.
a: 2-Methyl-3-(triphenylstaimoxy)-4-pyrone (4.39a)
A Maltol (4.1) 4.40 g / 34.89 mmol
Sodium hydroxide 1.40 g / 35.02 mmol
Mass of crude sodium salt (4.41) isolated 3.35 g / 22.62 mmol (65%)
B  Mass of (4.41) used 0.88 g / 5.94 mmol
Chlorotriphenyltin (4.42a) 2.29 g / 5.95 mmol
Compound was recrystallised from acetonitrile and colourless, plate-like crystals isolated. 
Mass of recrystallised (4.39a) isolated 1.51 g / 3.18 mmol (54%)
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0.49 g / 12.26 mmol 
2.14 g / 9.59 mmol (81%) 
1.08 g / 4.84 mmol 
1.87 g / 4.83 mmol
8 IH (90 MHz / CDgCN) = 7.88 (d, IH, 3Jh6-H5 = 5.2 Hz. Hg). 7.72-7.62 (m, 6 H, Hg). 
7.42-7.29 (m, 9H, H9/H 10). 6.51 (d, IH, 3Jh5-h6 = 5.2 Hz, Hg), 2.44 (s, 3H, CHg); 
8  13c (90 MHz /  CDgCN) = 175.9 (C4 ), 156.3 (Cg), 153.4 (Cg), 145.7 (Cg), 137.5 (Cg),
136.3 (Cg), 130.0 (Cio), 129.3 (Cg), 111.1 (Cg), 15.2 (CHg); 8  “ ’Sn (90 MHz /  CDgCN) = 
- 166.6. M/Z (F,T+) = 399 (M+-Pti), 351, 245, 197, 126. Foiind % C 60 50, H 4.26, 
N 25.10; requires C 60.67, H 4.24, N 24.99 (Cg4HgoOgSn).
b: 2-Methyl-l-phenyl-3-(triphenylstannoxy)-4-pyridone (4.46a)
A 3-Hydroxy-2-methyl-l-phenyl-4-pyridone (4.7) 2.37 g /  11.78 mmol
Sodium hydroxide 
Mass of crude sodium salt isolated 
B Mass of crude sodium salt used
Chlorotriphenyltin (4.42a)
Compound recrystallised from acetonitrile and colourless, cubic-shaped crystals isolated. 
Mass of recrystaUised (4.46a) isolated 1.42 g / 2.58 mmol (53%)
8  IH (90 MHz) = 7.86-7.55/7.50-7.10 (m, 21H, HgÆig.io/Hig.w), 6.62 (d, IH, 3Jng.Hg =
6.9 Hz, Hg), 2.22 (s, 3H, CHg); 8  13C (90 MHz) = 169.1 (C4), 158.4 (Cg), 150.0 (Cg),
146.5 (Cg), 137.1 (Cg), 134.2 (C7), 131.4 (C n), 129.8 (C;g), 129.5 (C14), 128.3 (Cio),
127.9 (C9), 126.3 (Cig), 108.5 (Cg), 14.4 (CHg); 8  »»Sn (90 MHz) = -193.9. M/Z (EI+) = 
474 (M+-Ph), 351,274,197, 120,77. Found % C 64.88, H 4.74, N 2.43; requires C 65.49, 
H 4.58, N 2.55 (CgoHggNOgSn).
c: l-(4-Methoxyphenyl)-2-methyl-3-(triphenylstannoxy)-4-pyridone (4.58a)
A 3-Hydroxy-l-(4-methoxyphenyl)-2-methyl-4-pyridone (4.57)
4.28 g / 18.51 mmol
Sodium hydroxide 0.75 g /  18.75 mmol
Mass of crude sodium salt isolated 4.05 g /  17.07 mmol (92%)
B Mass of crude sodium salt used 3,62 g /14.30 mmol
Chlorotriphenyltin (4.42a) 5.51 g /  14.30 mmol
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The product was washed with diethyl ether ( 2 x 5  cm^) and dried under high 
vacuum for 30 minutes. State: White, crystalhne solid. Mass of (4.58a) isolated 5.22 g / 
9.25 mmol (65%).
Ô IH (90 MHz / CD3CN) = 7.74-7.47/7.38-6.94 (m, 18H, H6/H8-10/H12). 6.99 (d, 2H, 
%13-H12 = 9.2 Hz. H 13), 6.55 (d, IH. 3Jh5_h6 = 6 .8  Hz, H5), 3.81 (s, 3H, O-CH3), 2.17 
(s, 3H, 2 -CH3); Ô 13c (90 MHz / CD3CN) = 169.4 (C4 ), 161.2 (C14), 147.8 (C2), 141.7 
(C3), 137.5 (Cg), 136.7 (C6), 136.4 (C7), 130.6 (Cio), 129.7 (C12), 128.8 (C9), 128.5 (Cn),
115.6 (C13), 108.6 (C5), 56.4 (OCH3), 14.6 (2 -CH3); 6  H^Sn (90 MHz / CD3CN) = 
- 195.8. M/Z (EI+) = 580 (M+-H), 504 (M+-Ph) (measured 504.0620, requires 504.0621 
for C25H22N 0 3 Sn), 351 (SnPh3+) (measured 351.0196, requires 351.0196 for CigHisSn), 
274, 197, 120, 77.
5.20: Synthesis of pentacoordinated tin halides by crystallisation from 
methanolic solutions of ligand (4.1), (4.7) or (4.8) and dihalodiphenyltin 
compound (4.42b-d).
The hgand of choice was dissolved in warm methanol. A methanolic solution 
(20 cm3) of the dihalodiphenyltin compound (1 equivalent) was added with stirring. The 
solution was stoppered and allowed to stand until crystallisation of the title product 
occurred on the walls and base of the flask. The rate of crystallisation was controlled by 
solution concentration and optimised so that good quahty, single crystals, suitable for X- 
ray analysis, were grown from dilute solutions. In order to obtain enhanced yields more 
quickly, but at the expense of crystal quality, the total volume of solvent could be halved. 
The crystals were separated by decanting off the solvent, washed with diethyl ether 
(2 X 30 cm3) and dried in air for 30 minutes.
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a: 3-(ChlorodiphenyIstannoxy)-2-methyl-4-pyrone (4.39b)
Total volume of methanol 80 cm^
Maltol (4.1) 0.73 g /  5.82 mmol
Dichlorodiphenyltin (4.42b) 2.01 g /  5.85 mmol
Crystallisation time 3 hours (2Q“C)
Mass of (4.39b) isolated 1.91 g / 4.41 mmol (76%)
State colourless, cubic-shaped crystals.
Ô IH (90 MHz / CD3CN) = 8.18 (d, IH, 3Jh6-H5 = 5.3 Hz, He), 8.03-7.92 (m, 4H, Hg), 
7.52-7.35 (m, 6 H, H9/H 10), 6 .8 8  (d, IH, 3Jh5-h6 = 5.3 Hz, H5 ), 2.45 (s, 3H, CH3); 
5 13c (90 MHz / CD3CN) = 172.5 (C4 ), 158.9 (C2 ), 158.3 (Ce), 145.7 (C3), 143.8 (C7),
136.3 (Cg), 131.1 (Cio), 129.6 (C9), 112.6 (C5), 15.6 (CH3); 6  H^Sn (90 MHz / CD3CN) = 
- 201.5. M /Z (EI+) = 434 (M+), 399, 357, 309, 245, 197,. 126, 77. Found % C 49.32, 
H 3.51, Cl 8.19; requires C 49.88, H 3.49, Cl 8.18 (CigHisClOgSn).
b: 3-(BromodiphenyIstannoxy)-2-methyl-4-pyrone (4.39c)
Total volume of methanol 30 cm3
Maltol (4.1) 0.36 g / 2.90 mmol
Dibromodiphenyltin (4.42c) 1.25 g /  2.90 mmol
Crystallisation time 12 hours (20°C)
Mass of (4.39c) isolated 0.78 g / 1.63 mmol (56%)
State colourless, cubic-shaped crystals.
Ô IH (90 MHz /  CD3CN) = 8.17 (d, IH. 3Jh6-H5 = 5.1 Hz, He), 7.90-7.84 (m, 4H, Hg), 
7.49-7.35 (m, 6H, H9/H 10), 6 .8 8  (d, IH, 3Jh5-H6 = 5.1 Hz, H5 ), 2.46 (s, 3H, CH3); 
8  » C  (90 MHz /  CD3CN) = 172.3 (C4), 158.5 (C2), 158.2 (Ce), 144.2 (C3), 143.7 (C7),
135.8 (Cg), 131.3 (Cio), 129.7 (C9), 112.5 (C5), 15.6 (CH3); 8  (90 MHz /  CD3CN) =
-196.0. M /Z (FAB+) = 399 (M+-Br); (FAB ) = 79/81 (1:1) (Br), 77. Found % C 45.01, 
H 3.15, Br 16.51; requires C 45.24, H 3.16, Br 16.72 (CigHigBrOgSn).
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c: 3-(Iododiphenylstannoxy)-2-methyI-4-pyrone (4.39d)
Total volume of methanol 70 cm^
Maltol (4.1) 1.22 g /  9.67 mmol
Diiododiphenyltin (4.42d) 5.10 g /  9.68 mmol
Crystalhsation time 7 days (20°C)
Mass of (4.39d) isolated 1.73 g / 3.30 mmol (34%)
State colourless, cubic-shaped crystals.
5 IH (90 MHz /  CD3 CN) = 7.97 (d, IH, 3Jh6.hs = 5.4 Hz, He), 7.78-7.42 (m, lOH, 
Hg/Hg/Hio), 6.60 (d, IH, 3Jh5-H6 = 5.4 Hz, H;), 2.37 (s, 3H, CHg); g « C  (90 MHz /  
CDgCN) = 173.4 (C4), 156.8 (Ce), 153.6 (C2), 144.0 (C3), 139.4 (C7), 135.5 (Cg), 131.8 
(Cio), 129.9 (Cg), 113.0 (Cg), 14.9 (CH3); g " »S n  (90 MHz /  CD3 CN) = -271.4. 
M/Z (FAB+) = 399 (M+-I); (FAB ) = 127 (I ). Found % C 41.28, H 2 .87 ,1 23.97; requires 
C 41.19, H 2 .88 ,124.18 (CigHisIOgSn).
d: 3-(Chlorodiphenylstaimoxy)-2-methyl-l-phenyl-4-pyridone (4.46b)
Total volume of methanol 320 cm^
3-Hydroxy-2-methyl-1 -phenyl-4-pyridone (4.7) 1.00 g / 4.97 mmol
Dichlorodiphenyltin (4.42b) 1.72 g / 5 .0 0 mmol
Crystalhsation time 1 week (2°C fridge)
Mass of (4.46b) isolated 1.15 g / 2.26 mmol (46%)
State colourless, needle-like crystals.
g IH (90 MHz / CD3CN) = 8.04-7.94/7.66-7.41 (m, 17H, He/He/Hg.io/Hn-w), 2.21 
(s, 3H, CH3); g 13c (90 MHz / CD3CN) = 168.7 (C4), 146.2 (C2), 141.8 (C3), 139.7 (Ce),
136.3 (Cg), 131.8 (C14), 131.4 (C7), 131.2 (Cio), 131.0 (C12), 130.6 (C n), 129.5 (C9),
127.0 (C13 ), 111.7 (C5 ), 15.2 (CH3 ); g l l» S n  (90 MHz /  CD3CN) = -198 .9 . 
M/Z (FAB+) = 474 (M+-C1), 320; (FAB ) = 35/37 (3:1) (CF), 77. Found % C 56.59, 
H 4.06, N 2.78; requires C 56.68, H 3.96, N 2.75 (C24H20CINO2S11).
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e: 3-(Bromodiphenylstaimoxy)-2-methyl-l-phenyl-4-pyridone (4.46c)
Total volume of methanol 
3-Hydroxy-2-methyl- l-phenyl-4-pyridone (4.7) 
Dibromodiphenyltin (4.42c)
Crystalhsation time 
Mass of (4.46c) isolated 
State
95 cm^
0.99 g /  4.92 mmol
2.15 g / 4.97 mmol 
3 weeks (3“C fridge)
0.50 g / 0.90 mmol (18%) 
colourless, needle-like crystals.
8  IH (90 MHz /  CD3CN) = 8.03-7.91/7.61-7.33 (m, 16H, Hg/Hg-io/Hn-w). 6.85 (d, IH, 
3JH5-H6 = 7.1 Hz, H5), 2.19 (s, 3H, CH3); 6  (90 MHz /  CD3CN) = 168.8 (C4), 151.2
(C2), 142.8 (C3), 137.3 (Ce), 136.9 (Cg), 131.1 (Cio), 131.0 (C%4), 130.9 (C12), 130.8 
(C n), 130.0 (C7), 129.4 (Cg), 127.4 (C13), 109.8 (C5), 14.7 (CH3); 5 "> Sn  (90 MHz / 
CD3CN) = - 215.0. M/Z (FAB+) = 474 (M+-Br), 320; (FAB ) = 79/81 (1:1) (Br), 77. 
Found % C 52.06, H 3.77, N 2.51; requires C 52.13, H 3.65, N 2.53 (C24H2oBrN02Sn).
f: 3-(Chlorodiphenylstannoxy)-2-methyl-4-tliiopyrone (4.59b)
Total volume of methanol
3-Hydroxy-2-methyl-4-thiopyrone (4.8) 
Dichlorodiphenyltin (4.42b) 
Crystalhsation time 
Mass of (4.59b) isolated 
State
40 cm^
0.32 g / 2.25 mmol 
0.77 g / 2.25 mmol 
2  hours (20"C)
0.62 g / 1.38 mmol (61%) 
orange/brown, cubic shaped crystals.
5 IH (400 MHz) = 8.01 (m, 4H, Hg), 7.74 (d, IH, ^Jne-HS = 4.4 Hz, He), 7.40-7.34 (m, 7H, 
H5/H9/H 10), 2.70 (s, 3H, CH3 ); 8  13c (400 MHz) = 168.1 (C4 ), 157.5/157.3 (C2/C3),
147.2 (Ce), 143.3 (C7), 136.0 (Cg), 129.9 (Cio), 128.5 (C9 ), 120.1 (C5), 16.9 (CH3); 
8  l l ’ Sn (400 MHz) = - 208.8. M/Z (BI+) = 450 (M+), 415, 373, 309, 232, 197, 154, 142, 
77. Found % C 47.93, H 3.34, Cl 8.14; requires C 48.10, H 3.36, Cl 7.89 
(CigHieClOzSSn).
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g: 3-(Bromodiphenylstaimoxy)-2-methyl-4-thiopyrone (4.59c)
Total volume of methanol
3-Hydroxy-2-methyl-4-thiopyrone (4.8) 
Dibromodiphenyltin (4.42c) 
Crystalhsation time 
Mass of (4.59c) isolated 
State
30 cm^
0.17 g / 1.20 mmol 
0.54 g / 1.25 mmol 
24 hours (20"C)
0.26 g / 0.53 mmol (44%) 
orange/brown, cubic-shaped crystals.
6  IH (400 MHz) = 8.02 (m, 4H, Hg), 7.77 (d. IH. % 6-H5 = 4.4 Hz, Hô), 7.44-7.32 (m. 7H, 
H5/H9/H 10). 2.69 (s, 3H, CH3 ); ô 13c (400 MHz) = 167.8 (C4 ), 157.7/157.3 (C2/C3),
147.4 (C6), 143.3 (C7), 135.9 (Cg), 129.8 (Cio), 128.5 (C9), 119.8 (C5 ), 16.9 (CH3); 
6  ll^ S n  (90 MHz) = - 212.0. M/Z (EI+) = 417 (M+-Ph), 415 (M+-Br), 353, 142, 77. 
Found % C 43.59, H 3.04, Br 16.40; requires C 43.77, H 3.06, Br 16.18 
(CigHisBrOaSSn).
5.21: Synthesis of pentacoordinated tin halides from methanolic solutions 
of ligand (4.47) or (4.57) and dihalodiphenyltin compound (4.42b-c).
The appropriate hgand was dissolved in warm methanol. A methanohc solution 
(15 cm^) containing the dihalodiphenyltin was added with stirring. The reaction was 
allowed to stand at room temperature for 5 hours, during which time the solution remained 
homogeneous. The solvent was removed by distillation and in the latter stages by high 
vacuum pumping. Washing the residue with diethyl ether (2 x 1 5  cm^) and drying it under 
high vacuum for 2  hours afforded the title compound as a white crystalhne solid.
a: 3-(Chlorodiphenylstaimoxy)-l,2-dimethyl-4-pyridone (4.48)
Total volume of methanol 100 cm^
3-Hydroxy-1,2-dimethyl-4-pyridone (4.47) 1.23 g / 8.84 mmol
Dichlorodiphenyltin (4,42b) 3.06 g / 8.90 mmol
Mass of (4.48) isolated 3.60 g / 8.06 mmol (91%)
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ô IH (90 MHz / CD3CN) = 7.98-7.88/7.54-7.39 (m, IIH, Hô/Hg-io), 6.71 (d, IH, 
3Jh5-H6 = 7.3 Hz. H5 ), 3.72 (s, 3H. N-CH3), 2.45 (s, 3H, 2 -CH3); 6  (90 MHz /
CD3CN) = 167.4 (C4), 151.3 (C2), 144.2 (C3), 137.0 (Cg). 136.1 (Cg), 131.9 (C7), 131.1 
(Cio), 129.6 (C9), 109.7 (C5), 44.1 (N-CH3), 13.2 (2 -CH3); ô H^Sn (90 MHz / CD3CN) = 
- 218.8. M /Z  (FAB+) = 412 (M+-C1) (measured 412.0379, requires 412.0360 for 
Ci9HigN02Sn); (FAB ) = 35/37 (3:1) (Cl ).
b: 3-(Chlorodiphenylstaimoxy)-l-(4-methoxyphenyl)-2-methyl-4-pyridone (4.58b) 
Total volume of methanol 100 cm^
3-Hydroxy-l-(4-methoxyphenyl)-2-methyl-4-pyridone (4.57)
0.51 g / 2 .2 1  mmol
Dichlorodiphenyltin (4.42b) 0.76 g / 2.21 mmol
Mass of (4.58b) isolated 1.01 g /  1.88 mmol (85%)
ô IH (90 MHz / CD3CN) = 8.01-7.91/7.58-7.26 (m, 12H, Hs/HgÆlg.io), 7.24 (d, 2H,
3Jh12-H13 = 9.1 Hz, H12), 7.02 (d, 2H, 3Jhi3-H12 = 9.1 Hz, H 13), 3.81 (s, 3H, O-CH3),
2.16 (s, 3H, 2 -CH3 ); ô 13c (90 MHz / CD3CN) = 167.9 (C4), 161.5 (C14), 151.4 (C2),
144.3/144.2 (C3/C7), 136.8 (Cg), 135.6 (Cg), 131.1 (Cio), 129.6 (C9), 129.0 (C u), 128.5
(C12), 115.8 (C13), 109.5 (C5), 56.6 (O-CH3), 14.9 (2 -CH3); 6 n% n (90 MHz / CD3CN) 
= - 215.4. M /Z  (EI+) = 309 (SnPh2Cl+) (measured 308.9493, requires 308.9493 for 
C i2H ioClSn), 230 (M +-SnPh2 Cl) (measured 230.0817, requires 230.0817 for 
C 13H 12NO3).
c: 3-(Bromodiphenylstaimoxy)-l-(4-methoxyphenyl)-2-methyl-4-pyridone (4.58c)
Total volume of methanol 50 cm^
3-Hydroxy- l-(4-methoxyphenyl)-2-methyl-4-pyridone (4.57)
0.57 g / 2.46 mmol
Dibromodiphenyltin (4.42c) 1.07 g /  2.47 mmol
Mass of (4.58c) isolated 0.81 g /  1.43 mmol (58%)
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ô IH (90 MHz / CD3CN) = 8.01-7.86/7.63-7.27 (m, 12H, Hs/Hg/Hg-io), 7.30 (d, 2 H,
%12-H13 = 9.1 Hz, H12), 7.06 (d, 2H, 3Jhi3_h12 = 9.1 Hz, H 13), 3.85 (s, 3H, O-CH3), 
2.19 (s, 3H, 2 -CH3); ô 13c (90 MHz / CD3CN) = 168.4 (C4), 160.7 (C h), 150.1 (C2), 
144.8/144.7 (C3/C7), 136.9 (Cg), 135.6 (Cg), 130.7 (Cio), 129.0 (C9), 128.2 (C n), 127.8 
(C12), 115.0 (C13), 109.0 (Cs), 55.7 (O-CH3), 14.0 (2-CH3); 5 H^Sn (90 MHz / CD3CN) 
= -213.6 . M[/Z (EI+) = 353 (SnPh2Br^) (measured 352.8986, requires 352.8988 for 
C nH ioBrSn), 230 (M +-SnPh2Br) (measured 230.0817, requires 230.0817 for 
C13H 12NO3).
5.22: Synthesis of diphenylboron complexes of ligands (4.1) and (4.7).
Part A
Diphenylboronic acid - ethanolamine complex (1.01 g / 4.49 mmol) was dissolved 
in methanol (10 cm3) at room temperature with stirring. The solution was hydrolysed with 
IM hydrochloric acid (30 cm^) with vigorous stirring for 10 minutes. Diphenylboronic 
acid, (4.76), formed as a gum at the bottom of the reaction vessel. The gum was extracted 
into diethyl ether (3 x 20 cm^), dried over magnesium sulfate and the solvent removed by 
rotary evaporation. This yielded (4.76) as a colourless oil in an assumed 100% yield, The 
compound was immediately used in the second step to minimise degradation.
PartB
A solution of (4.76) was prepared in dichloromethane (30 cm^). The appropriate 
powdered ligand (4.49 mmol) was added and the solution refluxed for 3 hours. The solvent 
was removed by distillation and final traces by high vacuum pumping. This left a white 
powdery residue. Recrystallisation of the residue from toluene yielded a white crystalline 
material of the target boron complex.
a: 3-(Diphenylboronato)-2-methyl-4-pyrone (4.77)
Maltol (4.1) 0.56 g / 4.49 mmol
Mass of recrystallised (4.77) isolated 1.16 g / 4.00 mmol (89%)
-196-
6  IH (400 MHz) = 7.80 (d, IH, 3Jh6-H5 = 5.2 Hz, He), 7.51 (dd, 4H, 3Jh8-h9 = 7.6 Hz, 
^Jh8-H10 = 1-6 Hz, Hg), 7.27 (m, 4H, Hg), 7.20 (m, 2H, Hio), 6.70 (d, IH, ^Jh5-H6 =
5.2 Hz, He), 2.52 (s, 3H, CHg); 8  " c  (400 MHz) = 175.3 (C4), 158.0 (Ce), 151.4/151.3 
(C2/C 3), 147.1 (C7 ), 131.6 (Cg), 127.3 (Cg), 126.7 (Cio), 106.3 (C5 ), 14.8 (CH3); 
S “ B (400 MHz) = 1.7. M/Z (F.T+) = 290 (M+), 289 (M+-H), 213. Found % C. 74.54, 
H 5.13, B 3.76; requires C 74.52, H 5.21, B 3.73 (CigHi;0 3 B).
b: 3-(Diphenylboronato)-2-methyl-l-phenyl-4-pyridone (4.78)
3-Hydroxy-2-methy 1-1 -pheny 1-4-pyridone (4.7) 0.90 g /  4.49 mmol
Mass of recrystallised (4.78) isolated 1.38 g / 3.79 mmol (84%)
Ô iR  (400 MHz) = 7.57 (dd, 4H, 3Jh8-H9 = 8.0 Hz, ^Jh8-H10 =1-6 Hz, Hg), 7.54-7.49 (m, 
3H, Hiq/Hh), 7.23 (m, 4H, Hg), 7.19-7.11 (m, 5H, H6/H12/H13), 6.64 (d, IH, 3Jh5-h6 =
6.4 Hz, H5), 2.17 (s, 3H, CH3); ô (400 MHz) = 168.5, (C4), 154.0 (C2 ), 149.4 (C7),
141.1 (C3), 137.3 (Cg), 131.7 (Cg), 130.3 (C14), 130.2 (Cio), 129.7 (C n), 127.1 (Cg), 
126.1/126.0 (C12/C13), 104.5 (C5), 13.7 (CH3); ô (400 MHz) = - 3.3. M/Z (EI+) = 365 
(M+), 364 (M+-H), 288, 77. Found % C 78.96, H 5.51, N 3.92, B 3.02; requires C 78.93, 
H 5.52, N 3.83, B 2.96 (C24H20NO2B).
5.23: Preparation and méthylation of 3-methoxy-2-methyl-4-pyrone 
(methyl maltol) (4.44).
Maltol (4.1) (12.62 g / 0.10 mol) was dissolved in a solution of dimethylformamide 
(75 cm^) water (2 cm^) and methyl iodide (42.66 g / 0.30 mol). With vigorous stirring, 
powdered silver oxide (22.50 g / 97.09 mmol) was added slowly over 30 minutes. After 
addition was complete, the flask was securely stoppered and mechanically shaken for 
40 hours.
The grey suspension which formed was removed by filtration to leave a clear 
brown filtrate, Water (200 cm^) was poured in with stirring and caused an immediate 
solution colour change to cloudy white. Sodium cyanide (10 g) was added and after 
15 minutes stirring the solution became clear brown again, The mixture was extracted with 
chloroform (3 x 100 cm^) and the organic extracts combined and dried over magnesium
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sulfate. Removal of solvent by rotary evaporation afforded a dark brown oil (about 8 cm^). 
The oil was vacuum distilled (4 mmHg / 80°C) and the title compound, (4.44),2H a 
colourless liquid, was isolated (6.17 g / 44.03 mmol) (44%).
Ô IR  (90 MHz / CD3 CN) = 7.77 (d, IH, 3Jh6-H5 = 5.7 Hz, Hg), 6.25 (d, IH, 
3JH5-H6 = 5.7 Hz, Hg), 3.76 (s, 3H, O-CH3), 2.27 (s, 3H, 2 -CH3 ); 5 (90 MHz /
CD3CN) = 175.3 (C4), 160.2 (C2), 155.3 (Cg), 146.3 (C3), 118.2 (C g), 60.1 (O-CH3), 14.8 
(2 -CH3). M/Z (EI+) = 140 (M+), 125, 122, 69.
Methyl maltol (4.44) (1.02 g / 7.28 mmol) was dissolved in diethyl ether under a 
nitrogen atmosphere. Methyl triflate (1.20 g / 7.31 mmol) was added by syringe, drop- 
wise, with stirring and the solution allowed to stand for 30 minutes at room temperature. 
During this time (4.45) precipitated from the solution. It was isolated by decanting off the 
solvent, washed with further diethyl ether (2 x 2  cm^) and dried under high vacuum for 
2 hours. Isolated (4.45) (1.89 g / 6.21 mmol) (85%).
5 IR (90 MHz / CD3CN) = 8.94 (d, IH, 3jHg.H5 = 5.4 Hz, Hg), 7.74 (d, IH, ^Ju5-U6 =
5.4 Hz, Hg), 4.34 (s, 3H, 4 -OCH3 ), 3.94 (s, 3H, 3 -OCH3 ), 2.71 (s, 3H, 2 -CH3); 
Ô 13C (90 MHz / CD3CN) = 174.6 (C2), 173.7 (C4), 163.8 (Cg), 144.7 (C3), 119.9 (q, Uc-F 
= 316.9 Hz, SO3CF3 ), 110.2 (Cg), 62.4 (4 -OCH3), 61.5 (3 -OCH3), 16.9 (2 -CH3); 
Ô l^F (90 MHz / CD3CN) = - 75.8. M/Z (FAB+) = 155 (M+-OTf), (FAB') = 149 ( OTf), 
80, 69. Found % C 34.71, H 3.78; requires C 35.53, H 3.64 (CgHnFgOgS).
5.24: Miscellaneous reactions.
a: 3-(ChlorodiphenyIsiloxy)-2-methyI-4-pyrone (4.61)
To a solution of (4.60) (0.40 g / 2.02 mmol) in warm acetonitrile (2 cm^) was 
added dichlorodiphenylsilane (0.51 g / 2.02 mmol). The solution was cooled in a 
refrigerator (3°C) for 3 hours. This promoted the growth of orange-coloured crystals of the 
title complex. The solvent was decanted off and the crystals pumped dry under high 
vacuum for 1 hour. Isolated (4.61) (0.38 g /1.11 mmol) (55%). Higher quahty crystals for 
single crystal X ray analysis were grown by recrystallisation from a dilute acetonitrile 
solution in a refrigerator (0°C) over 2 days.
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ô IH (400 MHz) = 7.77 (m, 4H, Hg), 7.57 (d, IH, 3Jh6-H5 = 5.6 Hz, Hg), 7.34-7.13 (m, 6 H, 
Hg/Hio), 6.31 (d, IH, 3Jh5-H6 = 5.6 Hz, Hg), 2.47 (s, 3H, CH3); ô l^C (400 MHz) = 173.2 
(C4), 154.8 (Cg), 152.7 (C2), 145.0 (C3), 134.6 (Cg), 129.6 (C7), 127.4 (Cio), 126.9 (Cg),
110.8 (Cg), 14.9 (CH3); ô29Si (400 MHz) = - 85.3. M/Z (EI+) = 343/345 (3:1) (M+-kH) 
(measured 343.0557 requires 343.0557 for CigHig^SciOgSi), 342/344 (3:1)
(M+) (measured 342.0479 (M+:35ci), requires 342.0480 for CigHig^SciOgSi), 307 
(M+-C1), 265/267 (3:1) (M+-Ph), 154, 77.
b: (4.39b)-NMI complex, (4.68)
(4.39b) (0.09 g / 0.21 mmol) was dissolved in deuterochloroform (0.75 cm^) in a 
5 mm NMR tube and N-methyl imidazole (16.6 |il / 0.21 mmol) added. Compound (4.68) 
was only observed in freshly prepared solutions and was characterised by its ^H, ^^ C and 
NMR spectra. Its rapid disproportionation prevented this species from being 
isolated.
Ô iR  (400 MHz) = 7.71-7.67 (m, 5H, Hg/Hg), 7.41 (s, IH, NMI), 7.30-7.24 (m, 6 H, 
Hg/Hio), 7.03 (s, IH, NMI), 6.84 (s, IH, NMI), 6.49 (d, IH, ^Ju5-H6 = 5.4 Hz, Hg), 3.63 
(s, 3H, NMI-CH3), 2.52 (s, 3H, 2 -CH3); Ô l^C (400 MHz) = 174.6 (C4). 153.6 (C3), 153.3 
(Cg), 149.1/148.9 (C2/C7), 137.8 (NMI), 135.5 (Cg), 129.4 (NMI), 128.2 (Cio), 127.9 (Cg),
120.1 (NMI), 110.2 (Cg), 33.3 (NMI-CH3), 15.4 (2 -CH3); Ô (400 MHz) = - 352.5.
c: Dichlorobis(N-methylimidazoIe)diphenyltin (4.69)
(4.39b) (0.48 g / 1.11 mmol) was dissolved in warm chloroform (50 cm^). 
N-methyl imidazole (0.09 g / 1.10 mmol) was added by syringe and the solution stirred 
briefly. The stoppered reaction flask was allowed to stand for 24 hours at room 
temperature. Small, colourless, cubic-shaped crystals of (4.69) formed on the walls and 
base of the reaction vessel. The solution was decanted off, the crystals washed with diethyl 
ether (2 x 10 cm^) and dried in air for 30 minutes. The crystals were characterised by 
microanalysis and mass spectrometry but were too insoluble in common NMR solvents for 
NMR spectra to be obtained. However, they were of suitable quality for their structure to 
be determined by X-ray crystallography (see appendix). Isolated (4 .69) (0.25 g / 
0.50 mmol) (89%).
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M/Z (EI+) = 391 (M+-C1 -NMI), 344 (M+-2NMI), 309, 232, 82, 77. Found % C 47.63, 
H 4.50, N 10.84; requires C 47.22, H 4.36, N 11.02 (C2oH22Cl2N4Sn).
d: 3-Acetyl-2-methyl-4-pyrone (4.82)
2-Methyl-3-(trimethylsiloxy)-4-pyrone (4.60) (0.22 g / 1.11 mmol) was dissolved 
in chloroform (5 cm^) and acetyl chloride (0.09 g / 1.15 mmol) added with stirring. The 
solution remained homogeneous and after 15 minutes the solvent was removed under 
vacuum leaving a small quantity of brown oil. Distillation of the oil produced a colourless 
distillate of (4.82). Isolated (4.82) (0.10 g / 0.59 mmol) (53%).
6 IH (90 MHz / CD3CN) = 7.83 (d, IH, 3Jh6-H5 = 5.9 Hz, He), 6.30 (d, IH, 3JH5-H6 =
5.9 Hz, He), 2.26/2.23 (2x (s, 3H), acetyl CH3/2-CH3)); 5 » C  (90 MHz / CD3CN) = 172.3 
(acetyl C=0 ), 168.3 (C4), 160.2 (C2), 156.1 (Ce), 139.2 (C3), 116.8 (C5), 20.4 
(acetyl CH3), 15.0 (2-CH3). M/Z (EI+) = 168 (M+), 126,43. Found % C 56.91, H 4.90; 
requires C 57.14, H 4.80 (CgHg0 4 ).
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Chapter 6: Conclusions
We have extended the modelling of Sn 2 substitution in solution by NMR 
spectroscopy to 2-quinolinone and various 2-thiopyridone complexes. For the
2-quinolinone ligand, all the chemical shifts except for C2 are sensitive enough to the 
change of degree of nucleophile-silicon bond formation to be included in the mapping 
calculations. The X-ray crystal structures of quinolinone complexes (2.25a-d) show that 
the shorter the ' nucleophile ' - silicon distance the more ‘extended’ the silicon-‘leaving 
group’ bond becomes. By the structural correlation approach, our data could be combined 
with results from similar crystal structures in the literature and plotted on a single graph - a 
parabolic curve of increasing percentage silicon-‘leaving group’ bond ‘extension’ with 
decreasing ‘nucleophile’-silicon bond length for a generahsed Sn2 ‘reaction’ at an RgSiX 
centre. The solution NMR data for all the sihcon complexes could also be combined on a 
single graph with the results of Bassindale and Borbaruah’s study of 2-pyridone complexes 
(2.4). The graph of percentage ‘nucleophile’-silicon bond formation versus percentage 
pentacoordination for the same general ‘substitution’ showed the characteristic tetra- to 
penta- then back to tetra-coordination transition with increasing percentage 
nucleophile-silicon bond formation.
Unlike the 2-quinolinone complexes, the 2-thiopyridone complexes adopted one of 
two structures, either an N-CH2 or S-CH2 structure. We did not investigate the interplay 
between the mechanisms involved so we cannot discuss exactly how each complex is 
formed. However, the steric effect of groups in the 6-position of the thiopyridone ring 
seems to be an important factor. The general order of ‘nucleophilicity’ of the three donor 
atoms contained in the various pentacoordinate sihcon complexes prepared was found to 
be 0>N>S.
The new types of compound investigated as model compounds for 0% and 100% 
‘nucleophile-M bond formation’ in Chapters 3 and 4 were found to be acceptable 
alternatives to the disiloxane-based compounds used in Chapter 2 and in Bassindale and 
Borbaruah’s study of 2-pyridone complexes. The models of 100% ‘nucleophile-M bond 
formation’ were the first isolated complexes representing these structures and relied on a 
methyl group to mimic the effect of a fuUy-formed ‘nucleophile’-M bond on each ligand.
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However, they were found not to be as suitable as the previous disiloxanes. This is 
probably because this methyl group is not the ideal substitute for the silicon or tin groups it 
represents. This sometimes resulted in chemical shifts that were outside the range 
predicted by the limiting compounds so that they had to be ignored in the mapping 
calculations.
For the silicon complexes, it was generally observed that the better the ‘leaving 
group’ at sihcon, the stronger the ‘nucleophile’-silicon bond. Also, the more electron 
donating the hgand substituent, the stronger the ‘nucleophile’-Si bond. For our tin 
maltol/thiomaltol/4-pyridone complexes however, strong ‘nucleophile’-tin coordination 
(approximately 70% 0-Sn bond formation) occured independently of the ‘leaving group’ 
or hgand substituents. This observation was made from the similarity of the complexes’ 
NMR spectra and X-ray crystal structures. We conclude therefore that the tin is acting as a 
transition metal. This tendancy was accentuated by the contrasting behaviour of the tin 
complex (4.39b) with its sihcon analogue (4.61) in the presence of the ‘nucleophile’ 
N-methyl imidazole (NMI). The tin complex added NMI and expanded its coordination 
sphere to six while the sihcon complex substituted a chloride ion for NMI and remained 
five-coordinate.
The effect of decreasing the temperature of CDCI3 solutions of pentacoordinated 
silyl-2-thiopyridone complexes was found by and ^^Si NMR spectroscopy to increase 
the degree of ‘substitution’ modelled by the complexes. This is in agreement with the 
various studies by Kummer et al of closely related complexes. The effect of decreasing the 
temperature on the NMR chemical shift is dependant on which side of the fully 
pentacoordinate structure the compounds structure sits in the ‘reaction’ profile. If the 
structure is to the left of the fuhy pentacoordinate species of the ‘reaction’ then the shift 
moves upheld with decreasing temperature. The opposite is the case if the structure is to 
the right. In contrast, for tin complexes in CDCI3 solution, the degree of ‘substitution’ was 
unaffected by temperature. However, in the polar solvent CD3CN, reversible solvent 
coordination to the tin occured and the NMR resonance moved to higher fields as 
the temperature was lowered.
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Appendix of crystallographic data
This section summarises the key instrument parameters and crystal data for the 
single crystal X-ray structures presented in Chapters 2 and 4. The appendix is split into 14 
parts, one for each structure.
Structures from Chapter 2
Part 1: (2.25a) page 204. Part 2: (2.25h) page 208.
Part 3: (2.25c) page 212. Part 4: (2.25d) page 216.
Part 5: (2.30a) page 221.
Structures from Chapter 4 -
Part 6 : (4.39a) page 225. Part 7: (4.39h) page 230.
Part 8 : (4.39c) page 234. Part 9: (4.39d) page 238.
Part 10: (4.46a) page 242. Part 11: (4.46h) page 247.
Part 12: (4.46c) page 252. Part 13: (4.61) page 257.
Part 14: (4.69) page 263.
The lay out of each part is as follows: 
Section A:
Section B and C:
Section D:
Section E:
Section F;
Summary of crystal parameters, instrument conditions and data 
refinement information. Layout varies slightly depending on the 
software used to prepare the data table.
Listing of atomic coordinates and thermal parameters for 
non-hydrogen and hydrogen atoms respectively. The units of the 
thermal parameters vary between structures depending on the 
software used to prepared the data table.
Structure diagram(s) (usually ORTEP). Hydrogens normally 
omitted for clarity.
Listing of key bond lengths and angles (data for C-H bonds 
omitted).
Listing of hydrogen bond lengths and angles (Part 5 only).
The structures were solved using SHELXLS86, SHELXLS93 and SHELXLS97 
programs and plotted using ORTEP. Ellipsoids at their surface are of 30% probability 
level. The isotropic structures were drawn using Crystalmaker 2.
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Part 1. A: Summary
Compound number (2.25a)
Empirical Formula Ci2Hi4FNOSi
Formula Weight 235.33
Crystal System triclinic
Space group P-1 (No. 2)
a, b, c [Â] 7.091(1) 8.750(2) 9.872(2)
alpha, beta, gamma [*] 101.29(3) 92.06(3) 103.64(3)
V[Â3] 581.6(2)
Z _____ _______________ -------------------- —
D(obs), D(calc) [g/cm^] 0.000, 1.344
F(OOO) [Electrons] 248
Mu(MoKa) [ /cm ] 1.9
Crystal Size [mm] 0.27 X 0.27 X 0.58
Temperature (K)
Data Collection
200
Radiation [A] MoKa 0.71073
Theta Min-Max ["] 2.9, 28.2
Scan,(Type & Range) [“] phi-scan rotation images on STOEIPDS25
Dataset -9: 9;-11: 11 ; 0: 13
Tot., Uniq. Data, R(int) 2617, 2617,0.000
Refinement
Nref, Npar 2617, 201
R, wR, S 0.0408,0.1124, 1.01
w = 1/[\s2(Fo2)+(0.0728P)2] where P=(Fo2+2Fc2)/3 
Max. and Av. Shift/Error 0.00, 0.00
Min. and Max. resd. dens. [e/Â^] -0.25, 0.37
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B: Final Coordinates and Equivalent Isotropic Thermal Parameters of the non-
Hydrogen atoms for (2.25a)
Atom X y z U(eq) [Â2]a
Si 0.18578(6) 0.27619(5) 0.40354(4) 0.0295(1)
F 0.2136(2) 0.3887(1) 0.5645(1) 0.0490(4)
0 0.1596(2) 0.1696(1) 0.1955(1) 0.0325(3)
N 0.2295(2) 0.4288(1) 0.1763(1) 0.0238(3)
C2 0.1891(2) 0.2700(2) 0.1166(2) 0.0255(4)
C3 0.1822(2) 0.2236(2) -0.0310(2) 0.0312(4)
C4 0.2155(2) 0.3363(2) -0.1085(2) 0.0312(4)
C4A 0.2556(2) 0.5038(2) - 0.0456(2) 0.0263(4)
C5 0.2858(2) 0.6239(2) - 0.1252(2) ^0,0325(5). ... ..
C6 0.3185(3) 0.7838(2) - 0.0608(2) 0.0368(5)
C7 0.3223(3) 0.8265(2) 0,0822(2) 0.0368(5)
C8 0.2956(2) 0.7115(2) 0.1630(2) 0.0310(4)
C8A 0.2611(2) 0.5488(2) 0.0987(2) 0.0237(4)
C9 0.2336(3) 0.4636(2) 0.3276(2) 0.0328(5)
CIO 0.3848(3) 0.1749(2) 0.4250(2) 0.0406(6)
cn - 0.0687(3) 0.1612(3) 0.4099(2) 0.0467(6)
 ^Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uÿ 
tensor
C: Hydrogen Atom Positions and Isotropic Thermal Parameters for (2.25a)
Atom X y z U(iso) [Â2]
H3 0.148(3) 0.113(3) - 0.067(2) 0.045(5)
H4 0.211(3) 0.308(2) - 0.205(2) 0.040(5)
H5 0.282(3) 0.594(2) - 0 .222(2) 0.041(5)
H6 0.336(3) 0.860(3) - 0 .120(2) 0.043(5)
H7 0.341(3) 0.936(3) 0.123(2) 0.050(6)
H8 0.297(3) 0.741(2) 0.253(2) 0.039(5)
H91 0.357(4) 0.532(3) 0.368(3) 0.065(7)
H92 0.136(3) 0.525(3) 0.352(2) 0.048(5)
HlOl ' 0.404(4) 0.171(3) 0.516(3) 0.073(8)
H102 0.361(4) 0.071(3) 0.374(3) 0.071(8)
H103 0.507(4) 0.236(3) 0.394(3) 0.080(8)
H il l -0.151(4) 0.223(4) 0.391(3) 0.088(9)
H112 - 0.090(4) 0.145(3) 0.497(3) 0.081(8)
H113 - 0.098(4) 0.058(3) 0.350(3) 0.069(8)
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D: ORTEP diagram C4
C4A
C6
C2
C8A
C7
CIO
C8
C9
(2.25a) C il
Selected bond lengths (Â) and angles Ç) for (2.25a)
Si-F 1.675(1) C2-C3 1.430(3)
Si-O 2.065(1) C3-C4 1.346(3)
Si-C9 1.898(2) C4-C4A 1.431(3)
Si-ClO 1.861(2) C4A-C5 1.413(3)
Si-Cll 1.857(2) C4A-C8A 1.398(2)
0-C2 1.271(2) C5-C6 1.380(3)
N-C2 1.356(2) C6-C7 1.385(3)
N-C8A 1.398(2) C7-C8 1.386(3)
N-C9 1.463(2) C8-C8A 1.400(2)
F-Si-0 171.46(6) 0-C2-C3 123.25(16)
F-Si-C9 90.79(8) N-C2-C3 118.79(16)
F-Si-ClO 97.21(8) C2-C3-C4 120.21(17)
F-Si-Cll 96.97(9) C3-C4-C4A 120.98(18)
0-Si-C9 80.66(7) C4-C4A-C5 121.92(18)
O-Si-ClO 87.18(8) C4-C4A-C8A 118.69(17)
O-Si-Cll 87.34(8) C5-C4A-C8A 119.38(17)
C9-Si-C10 120.09(10) C4A-C5-C6 120.12(18)
-206-
C9-SÎ-C11 119.72(11) C5-C6-C7 119.86(17)
ClO-Si-Cll 117.96(10) C6-C7-C8 121.28(17)
Si-0-C2 113.51(11) C7-C8-C8A 119.36(17)
C2-N-C8A 122.47(14) N-C8A-C4A 118.85(15)
C2-N-C9 114.54(14) N-C8A-C8 121.15(14)
C8A-N-C9 122.98(13) C4A-C8A-C8 120.00(16)
0-C2-N 117.96(16) Si-C9-N 113.31(12)
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Part 2, A: Summary
Compound number 
Empirical Formula 
Formula Weight 
Crystal System 
Space group 
a, b, c [Â]
alpha, beta, gamma [“] 
V [A3]
Z
D(obs), D(calc) [g/cm3] 
F(OOO) [Electrons] 
Mu(MoKa) [ /cm ] 
Crystal Size [nun]
Temperature (K)
Radiation [A]
Theta Min-Max [“]
Scan,(Type & Range) [“] 
Dataset
Tot., Uniq. Data, R(int) 
Observed data [I > 0.0 sigma(I)]
(2.25b)
Ci2Hi4ClNOSi
251.79 
triclinic 
P-1 (No. 2)
6.932(1) 8.981(2) 10.621(2)
100.47(3) 91.04(3) 111.06(3)
604.3(2)
2 .
0.000, 1.384
264
3.9
0.154 X 0.154 X 0.962 
Data Collection
100
MoKa 0.71073
2 .8, 26.1
phi-scan rotation images on STOE IPDS25 
-8 : 8 ;-11: 10 ; 0: 13 
2168, 2168,0.000 
4
Refinement
Nref, Npar 2168, 154.
R,wR,S 0.1002, 0.2932, 1.15
w = 1/[\s2(Fo2)+(0.1876P)2+2.1138P] where P=(Fo2+2Fc2)/3 
Max. and Av. Shift/Error 0.00, 0.00
Min. and Max. resd. dens. [e/A^] -0.69, 2.07
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B: Final Coordinates and Equivalent Isotropic Thermal Parameters of the non
Hydrogen atoms for (2.25b)
Atom X y z U(ea) rÂ 2]a
Cl 0.3162(2) 0.6246(2) - 0.0798(1) 0.0231(5)
Si 0.3180(2) 0.7610(2) 0.1283(1) 0.0161(5)
O 0.3131(6) 0.8434(5) 0.3096(4) 0.0198(11)
N 0.2635(7) 0.5849(5) 0.3223(4) 0.0132(12)
C2 0.2915(8) 0.7402(6) 0.3814(5) 0.0148(14)
C3 0.2967(8) 0.7792(6) 0.5172(5) 0.0179(17)
C4 0.2755(8) 0.6645(7) 0.5881(5) 0.0174(17)
C4A 0.2449(8) 0.4999(6) 0.5259(5) 0.0158(17)
C5 0.2225(9) 0.3759(7) 0.5956(5) 0.0191(17).
C6 0.1948(9) 0.2208(7) 0.5321(5) 0.0207(17)
Cl 0.1894(9) 0.1849(7) 0.3975(6) 0.0216(17)
C8 0.2127(9) 0.3036(7) 0.3268(5) 0.0178(16)
C8A 0.2396(8) 0.4617(6) 0.3904(5) 0.0142(14)
C9 0.2668(9) 0.5601(6) 0.1806(4)
0.0155(14)
CIO 0.0951(9) 0.8187(7) 0.0871(5) 0.0220(17)
cn 0.5882(9) 0.9082(8) 0.1328(6) 0.0257(17)
a Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uij 
tensor
C: Hydrogen Atom Positions and Isotropic Thermal Parameters for (2.25b)
71^  y '
H3 0.315(2) 0.886(9) 0.559(3) 0.0220
H4 0.2804(9) 0.690(2) 0.673(7) 0.0210
H5 0.2266(9) 0.401(2) 0.690(7) 0.0230
H6 0.179(2) 0.137(7) 0.580(4) 0.0250
H7 0.173(2) 0.097(10) 0.362(4) 0.0260
H8 0.2107(9) 0.281(2) 0.246(7) 0.0210
H9A 0.142(7) 0.485(4) 0.142(2) 0.0180
H9B 0.368(5) 0.521(2) 0.156(1) 0.0180
HlOA -0.028(6) 0.733(4) 0.0889(5) 0.0330
HlOB 0.104(1) 0.842(1) 0.006(4) 0.0330
HIOC 0.0990(9) 0.909(4) 0.146(3) 0.0330
H llA 0.684(5) 0.860(2) 0.156(1) 0.0380
HUB 0.608(1) 1.005(5) 0.196(3) 0.0380
H llC 0.613(2) 0.936(2) 0.050(4) 0.0380
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D: ORTEP diagram
C4
C3
C5
C 4A
C2
C6
C8A cn
C7
C8
CIOC9
(2.25b)
CL
E: Selected bond lengths (Â) and angles (°) for (2.25b)
Cl-Si 2.321(2) 02-03 1.418(7)
Si-0 1.939(4) 03-04 1.352(8)
Si-09 1.898(5) 04-04A 1.443(8)
Si-C10 1.866(7) 04A-05 1.411(8)
Si-Cll 1.858(7) 04A-08A 1.414(7)
0 -0 2 1.274(7) 05-06 1.376(8)
N-02 1.364(7) 06-07 1.404(8)
N-08A 1.392(7) 07-08 1.378(8)
N-09 1.483(6) 08-08A 1.401(8)
Cl-Si-O 171.2(2) 0-02-03 123.6(5)
Ol-Si-09 87.3(2) N-02-03 119.3(5)
Ol-Si-OlO 93.7(2) 02-03-04 120.7(5)
Ol-Si-011 94.0(2) 03-04-04A 120.2(5)
O-Si-09 83.9(2) 04-04A-05 122.3(5)
O-Si-OlO 90.9(2) 04-04A-08A 118.9(5)
O-Si-011 90.1(2) 05-04A-08A 118.8(5)
09-Si-010 119.6(3) 04A-05-06 120.3(5)
09-Si-011 120.3(3) 05-06-07 120.2(5)
OlO-Si-011 119.9(3) 06-07-08 120.9(6)
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SÎ-0-C2 115.0(4) C7-C8-C8A 119.3(5)
C2-N-C8A 122.5(4) N-C8A-C4A 118.5(5)
C2-N-C9 114.4(4) N-C8A-C8 121.0(5)
C8A-N-C9 123.1(4) C4A-C8A-C8 120.5(5)
0-C2-N 117.1(5) Si-C9-N 109.5(3)
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Part 3. A: Summary
Compound number 
Empirical Formula 
Formula Weight 
Crystal System 
Space group 
a, b, c [Â]
alpha, beta, gamma [°]
V[Â3]
z
D(obs), D(calc) [g/cm^] 
F(OOO) [Electrons] 
Mu(MoKa) [ /cm ] 
Crystal Size [mm]
Temperature (K)
Radiation [A]
Theta Min-Max [”]
Scan,(Type & Range) [°] 
Dataset
Tot., Uniq. Data, R(int) 
Observed data [I > 0.0 sigma(I)]
(2.25c)
Ci2Hi4BrNOSi 
296.24 
monoclinic 
P2i/c (No. 14)
10.005(2) 7.213(1) 17.692(4)
90 103.14(3) 90
1243.3(4)
4
0.000,1.583 
600 
33.8
0.46 X 0.46 X 0.963 
Data Collection
100
MoKa 0.71073
2.8, 25.0
phi-rotation images on STOE IPDS25 
- 11: 11 ; 0 : 8 ; 0 : 20 
2171,2171,0.000 
0
Refinement
Nref, Npar 2171,155
R,wR, S 00922, 0.2749, 1.13
w = 1/[\S2(Fo2)+(0.1270P)2+20.2635P] where P=(Fo2+2Fc2)/3
Max. and Av. Shift/Error 0.00, 0.00
Min. and Max. resd. dens. [e/A^] -1.00, 2.40
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B: Final Coordinates and Equivalent Isotropic Thermal Parameters of the non Hydrogen
atoms for (2.25c)
Atom X y z U(eq) [A2]a
Br -0.14818(10) 0.18834(14) 0.68303(6) 0.0246(4)
Si 0.0973(3) 0.1575(4) 0.6517(2) 0.0188(8)
0 0.2807(7) 0.1343(11) 0.6495(4) 0.024(2)
N 0.3105(9) 0.1721(10) 0.7781(5) 0.019(2)
C2 0.3643(10) 0.1467(13) 0.7167(6) 0.020(3)
C3 0.5104(10) 0.1345(13) 0.7261(6) 0.022(3)
C4 0.5918(10) 0.1519(14) 0.7995(6) 0.023(3)
C4A 0.5331(11) 0.1814(12) 0.8643(6) 0.024(3)
C5 0.6149(12) 0.2052(14) 0.9396(6) 0.026(3)
C6 0.5574(11) 0.2404(14) 1.0005(6) 0.026(3)
C7 0.4172(11) 0.2512(16) 0.9896(6) 0.026(3)
C8 0.3318(12) 0.2273(15) 0.9167(6) 0.026(3)
C8A 0.3911(11) 0.1923(12) 0.8530(6) 0.020(3)
C9 0.1579(10) 0.1818(13) 0.7606(6) 0.019(3)
CIO 0.0641(11) 0.3707(15) 0.5913(6) 0.028(3)
cn 0.0474(10) - 0.0682(14) 0.6043(6) 0.023(3)
 ^Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uÿ 
tensor
C: Hydrogen Atom Positions and Isotropic Thermal Parameters for (2.25c)
Atom X y z U(iso) [A2]
H3 0.547(5) 0.116(3) 0.685(6) 0.0270
H4 0.684(14) 0.145(2) 0.807(1) 0.0290
H5 0.681(14) 0.199(2) 0.945(1) 0.0310
H6 0.619(8) 0.259(3) 1.055(7) 0.0320
H7 0.391(6) 0.267(4) 1.018(7) 0.0310
H8 0.230(14) 0.235(2) 0.909(1) 0.0310
H9A 0.127(3) 0.303(10) 0.778(2) 0.0220
H9B 0.120(3) 0.080(9) 0.788(2) 0.0220
HlOA 0.092(3) 0.466(8) 0.620(2) 0.0420
HlOB - 0.023(7) 0.380(2) 0.572(2) 0.0420
HIOC 0.108(4) 0.364(2) 0.555(3) 0.0420
H llA 0.068(2) -0.156(7) 0.638(3) 0.0340
HUB 0.091(3) - 0.085(2) 0.568(3) 0.0340
H llC - 0.040(7) -0.069(1) 0.585(2) 0.0340
-213-
D: ORTEP diagram
C4
C3
C4A
C6
C2
C8A
C7
CllC8
C9
(2.25c) CIO
BR
E: Selected bond lengths (Â) and angles (°) for (2.25c)
Br-Si 2.648(3) C2-C3 1.436(15)
Si-0 1.852(8) C3-C4 1.373(15)
S1-C9 1.893(11) C4-C4A 1.418(15)
Si-ClO 1.859(11) C4A-C5 1.407(15)
Si-Cll 1.847(11) C4A-C8A 1.391(16)
0-C2 1.292(12) C5-C6 1.356(15)
N-C2 1.330(14) C6-C7 1.374(16)
N-C8A 1.393(14) C7-C8 1.386(15)
N-C9 1.489(14) C8-C8A 1.411(15)
Br-Si-O 169.4(3) 0-C2-C3 122.1(9)
Br-Si-C9 82.9(3) N-C2-C3 120.3(9)
Br-Si-ClO 89.9(4) C2-C3-C4 118.3(9)
Br-Si-Cll 90.1(3) C3-C4-C4A 120.9(10)
0-Si-C9 86.6(4) C4-C4A-C5 121.7(10)
O-Si-C10 96.4(4) C4-C4A-C8A 119.3(9)
O-Si-Cll 94.5(4) C5-C4A-C8A 119 0(10)
C9-Si-C10 118.9(5) C4A-C5-C6 121.0(11)
C9-Si-Cll 122.3(5) C5-C6-C7 120.2(10)
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ClO-Si-Cll
Si-0-C2
C2-N-C8A
C2-N-C9
C8A-N-C9
0-C2-N
118.3(5)
114.3(6)
122.5(9)
115.0(8)
122.5(9)
117.6(9)
C6-C7-C8 121.1(10)
C7-C8-C8A 118.9(11)
N-C8A-C4A 118.8(9) 
N-C8A-C8 121.4(10) 
C4A-C8A-C8 119.8(10) 
Si-C9-N 106.5(7)
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Part 4. A: Summary
Compound number 
Empirical Formula 
Formula Weight 
Crystal System 
Space group 
a, b, c [Â]
alpha, beta, gamma [°]
V[Â3]
z
D(obs), D(calc) [g/cm^] 
F(OOO) [Electrons] 
Mu(MoKa) [ /cm ] 
Crystal Size [mm]
Temperature (K)
Radiation [Â]
Theta Min-Max [*]
Scan,(Type & Range) [°] 
Dataset
Tot., Uniq. Data, R(int) 
Observed data [I > 0.0 sigma(I)]
(2.25(1)
[(Ci2Hi4NOSi)+ (SO3-CF3)-] + 0.53 C6H6 
365.40+ (0.53x78.11) 
triclinic 
P-1 (No. 2)
8.527(2) 11.056(2) 11.466(2)
68.96(3) 75.41(3) 77.02(3)
965.5(4)
1
0.000, 1.330
399
2.7
0.114x0.114x0.77 
Data Collection
123
MoKa 0.71073 
2.3, 25.0
phi rotation images on STOEIPDS25 
-10: 10;-13: 13;-13: 13 
7931, 3168, 0.062 
4
Refinement
Nref, Npar 3168, 221
R, wR,S 0.0767, 0.2314, 1.09
w = 1/[\s2(Fo2)+(0.1851P)2+0.1842P] where P=(Fo2+2Fc2)/3 
Max. and Av. Shift/Error 0.00, 0.00
Min. and Max. resd. dens. [e/A^] -0.51, 1.53
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B: Final Coordinates and Equivalent Isotropic Thermal Parameters of the non-Hydrogen
atoms for (2.25d)
Atom X y z U(eq) [Â2]a
Silyl triflate molecule
Si 0.78859(12) - 0.45536(10) 0.81597(9) 0.0219(3)
01 0.6177(3) - 0.3336(3) 0.8015(3) 0.0280(8)
N 0.7903(4) -0.2161(3) 0.8179(3) 0.0198(8)
C2 0.6393(4) - 0.2242(4) 0.8107(3) 0.0224(10)
C3 0.5113(5) -0.1185(4) 0.8123(4) 0.0297(11)
C4 0.5419(5) - 0.0085(4) 0.8249(4) 0.0315(11)
C4A- 0.6998(5) 0.0006(4) 0.8329(4) 0.0265(11)
C5 0.7386(5) 0.1153(4) 0.8420(4) - 0.0366(14)
C6 0.8933(6) 0.1224(4) 0.8440(6) 0.0461(16)
C7 1.0186(6) 0.0139(4) 0.8434(6) 0.0467(16)
C8 0.9857(5) - 0.0984(4) 0.8349(4) 0.0303(11)
C8A 0.8267(5) -0.1050(3) 0.8297(3) 0.0223(10)
C9 0.9103(4) -0.3366(3) 0.8228(3) 0.0206(10)
CIO 0.8397(5) - 0.4984(5) 0.6681(4) 0.0351(14)
C ll 0.7232(5) -0.5847(4) 0.9638(4) 0.0279(11)
C12 0.3416(5) 0.4625(5) 0.6800(4) 0.0363(14)
S 0.24959(10) 0.34219(8) 0.82180(8) 0.0205(3)
FI 0.2460(3) 0.5136(3) 0.5928(2) 0.0549(9)
F2 0.3677(5) 0.5618(3) 0.7076(3) 0.0707(14)
F3 0.4843(3) 0.4075(4) 0.6288(3) 0.0689(12)
02 0.0948(3) 0.4143(3) 0.8618(2) 0.0278(8)
03 0.2379(4) 0.2420(3) 0.7749(4) 0.0452(10)
04 0.3648(3) 0.3079(3) 0.9057(3) 0.0344(9)
Solvent of crystallisation, benzene (disordered)
C30 0.340(2) 0.077(2) 0.535(2) 0.112(6)
C40 0.363(2) - 0.049(2) 0.537(2) 0.129(8)
C50 0.509(2) 0.113(2) 0.498(2) 0.154(10)
a Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uÿ 
tensor
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C: Hydrogen Atom Positions and Isotropic Thermal Parameters for (2.25d)
Atom X y z U(iso) [Â2]
Silyl triflate molecule
H3 0.4050(3) - 0.1240(2) 0.8047(3) 0.036
H4 0.4558(3) 0.0622(2) 0.8283(4) 0.037
H5 0.6547(5) 0.1872(3) 0.8466(3) 0.044
H6 0.9188(2) 0.2009(3) 0.8460(2) 0.055
H7 1.1262(4) 0.0188(1) 0.8488(2) 0.056
H8 1.0702(3) -0.1705(1) 0.8326(2) 0.037
'  H9A 0.9541(2) - 0.3699(2) 0.9026(5) 0.025
H9B 1.0027(3)' -0.3203(4) -0.7496(7) 0.025
HlOA 0.8724(6) - 0.4224(2) 0.5956(2) 0.053 '
HlOB 0.7436(3) - 0.5241(2) 0.6560(5) 0.053
HIOC 0.9302(4) - 0.5715(5) 0.6740(3) 0.053
H llA 0.6990(6) -0.5511(3) 1.0357(2) 0.042
HUB 0.8109(4) - 0.6598(2) 0.9765(2) 0.042
H llC 0.6246(4) - 0.6122(4) 0.9581(5) 0.042
Solvent of crystallisation, benzene (disordered)
H30 0.2386(2) 0.1295(4) 0.5529(6) 0.135
H40 0.2715(3) - 0.0945(3) 0.5682(5) 0.155
H50 0.5064(4) - 0.1962(2) 0.4924(1) 0.185
D: Isotropic structure diagram
C30
C6 C7
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E:__________Selected bond lengths (A) and angles (°) for (2.25d)
iflate molecule
Si-Ol 1.745(3) C4A-C8A 1.407(6)
Si-02 2.762(3) C5-C6 1.345(7)
Si-C9 1.880(4) C6-C7 1.417(7)
Si-ClO 1.845(5) C7-C8 1.374(7)
Si-Cll 1.836(4) C8-C8A 1.391(6)
01-C2 1.307(5) S-02 1.440(3)
N-C2 1.335(5) S-03 1.425(4)
N-C8A 1.391(5) S-04 1.443(3)
N-C9 1.479(5) S-C12 1.817(5)
C2-C3 1.411(6) F1-C12 1.335(5)
C3-C4 1.362(6) F2-C12 1.323(6)
C4-C4A 1.400(6) F3-C12 1.326(6)
C4A-C5 1.425(6)
t of crystalhsation, benzene (disordered)
C30-C40 1.35(3) C40-C50 1.34(3)
C30-C50#l 1.36(3)
iflate molecule
02-Si-01 160.2(2) C4A-C5-C6 120.4(4)
02-Si-C9 71.0(2) C5-C6-C7 120.7(5)
O2-Si-C10 87.3(2) C6-C7-C8 120.5(5)
02-Si-Cll 81.7(2) C7-C8-C8A 119.0(4)
Ol-Si -C9 89.8(2) N-C8A-C4A 118.2(4)
Ol-Si-ClO 106.1(2) N-C8A-C8 120.4(4)
Ol-Si-Cll 104.3(2) C4A-C8A-C8 121.4(4)
C9-Si-C10 116.3(2) Si-C9-N 103.9(2)
C9-Si-Cll 118.2(2) 02-S-C12 103.0(2)
ClO-Si-Cll 116.5(2) 03-S -04 115.9(2)
Si-01-C2 114.2(3) 03-S-C12 102.9(2)
C2-N-C8A 121.6(4) 04-S-C12 103.3(2)
C2-N-C9 115.2(3) 02-S-03 114.7(2)
C8A-N-C9 123.1(3) 02-S-04 114.5(2)
01-C2-N 116.7(4) S-C12-F1 112.4(3)
01-C2-C3 122.5(4) S-C12-F2 111.0(3)
N-C2-C3 120.8(4) S-C12-F3 109.8(4)
C2-C3-C4 119.3(4) S-02-Si 149.3(3)
C3-C4-C4A 120.2(4) F1-C12-F2 106.5(4)
-219-
C4-C4A-C5 122.2(4) F1-C12-F3 108.8(4)
C4-C4A-C8A 119.8(4) F2-C12-F3 108.2(4)
C5-C4A-C8A 118.0(4)
Solvent of crystallisation, benzene (disordered)
C30-C40-C50 123.6(18) C30#l-C50-C40 130(2)
C40-C30-C50#l 106.2(18)
Symmetry transformations used to generate equivalent atoms 
#1: -x+1, -y, -z+1
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Part 5. A: Summary
Compound number 
Empirical Formula 
Formula Weight 
Crystal System 
Space group 
a (x), b (y), c (z) [Â] 
alpha, beta, gamma [°] 
V[Â3]
z
D(obs), D(calc) [g/cm^] 
F(OOO) [Electrons] 
Mu(MoKa) [ /cm ] 
Crystal Size [mm]
Temperature (K)
Radiation [Â]
Theta Min-Max [®]
Scan,(Type & Range) [°] 
Dataset
Tot., Uniq. Data, R(int) 
Observed data [I > 0.0 sigma(I)]
(2.30a)
C12Hi6NO2Si.H2O.Cl.
287.82 
monoclinic 
P2i/c (No 14)
9.126(2) 7.223(1) 21.450(4)
90 91.54(3) 90
1413.4(5)
4
0.000, 1.353 
608 
3.5
0.154 X 0.154 X 0.924 
Data Collection
100
MoKa 0.71073 
2.2, 26.8
phi rotation images on STOE IPDS25 
-11:11; -8: 8;-26: 26 
9552, 2763,0.000 
4
Refinement
NretNpar 2763,219
R, wR, S 0.0763,0.2336,1.13
w = 1/[\s2(Fo2)+(0.1515P)2+2.2368P] where P=(Fo2+2Fc2)/3 
Max. and Av. Shift/Error 0.00,0.00
Min. and Max. resd. dens. [e/A^] -1.31, 1.72
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B: Final Coordinates and Equivalent Isotropic Thermal Parameters
atoms for (2.30a)
of the non-Hydrogen
______ Atom_______ X y z U(eq) [Â2]a
Si 0.86465(9) 0.24353(12) 0.65054(4) 0.0207(3)
01 0.9117(2) 0.1990(4) 0.5633(1) 0.0179(7)
0 2 0.7997(3) 0.2866(3) 0.7334(1) 0.0144(7)
03 0.6200(3) 0.0650(4) 0.7885(1) 0.0213(8)
N 0.6692(3) 0.2443(3) 0.5544(1) 0 .0112(8)
C2 0.8018(4) 0.2078(5) 0.5277(2) 0.0140(9)
C3 0.8162(4) 0.1807(5) 0.4617(2) 0 .0202(10)
C4 0.6948(4) 0.1902(5) 0.4265(2) 0.0205(10)
C4A 0.5545(4) 0.2268(4) 0.4547(2) 0.0160(9)
C5 0.4259(5) 0.2356(5) 0.4192(2) 0.0228(11)
C6 0.2926(4) 0.2691(5) 0.4484(2) 0.0252(11)
C7 0.2822(4) 0.2955(6) 0.5134(2) 0.0235(11)
C8 0.4067(4) 0.2879(5) 0.5492(2) 0.0172(10)
C8A 0.5418(4) 0.2545(4) 0.5197(2) 0.0128(9)
C9 0.6696(3) 0.2695(4) 0.6226(2) 0.0124(9)
CIO 0.9324(4) 0.0096(5) 0.6724(2) 0.0198(9)
C ll 0.9885(4) 0.4495(5) 0.6513(2) 0.0196(10)
Cl 0.67071(9) 0.64335(12) 0.77734(4) 0.0163(3)
0 Equivalent isotropic U defined as one-third of the trace of the orthogonahsed Uy
tensor
C: Hydrogen Atom Positions and Isotropic Thermal Parameters for (2.30a)
______ Atom_____ X y z U(iso) 1Â2]
H3 0.907(5) 0.142(6) 0.446(2) 0.025(11)
H4 0.689(6) 0.165(7) 0.381(3) 0.042(14)
H5 0.429(5) 0.220(7) 0.378(2) 0.030(12)
H6 0.204(6) 0.283(7) 0.423(2) 0.041(14)
H7 0.191(5) 0.305(6) 0.533(2) 0.024(11)
H8 0.399(5) 0.295(6) 0.591(2) 0 .022(10)
H91 0.631(5) 0.402(7) 0.639(2) 0.029(12)
H92 0.612(4) 0.183(6) 0.646(2) 0.011(9)
HlOA 0.8531(6) -0.0775(5) 0.6693(3) 0.034(11)
HlOB 0.9710(6) 0.0119(7) 0.7145(2) 0.033(10)
HIOC 1.0083(8) - 0.0267(4) 0.6448(3) 0.030(12)
H i l l 1.017(6) 0.484(8) 0.612(3) 0.052(16)
HI 12 1.060(8) 0.395(9)
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0.664(3) 0.062(19)
H113 0.978(10) 0.468(14) 0.715(4) 0.13(3)
H21 0.8190(5) 0.1961(9) 0.7552(3) 0.14(4)
H22 0.7090(6) 0.3538(4) 0.7420(2) 0.13(3)
H31 0.627(4) - 0.056(7) 0.788(2) 0.015(10)
H32 0.518(6) 0.065(7) 0.771(2) 0.042(14)
D l: ORTEP diagram
C4
__________C5 -C4A
C2
C6
C8A
C7 CIO
C9
02
CL
03
D2: Structure of the hydrogen-bonded chains
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E;__________Selected bond lengths (A) and angles Ç) for (2.30a)
Si-01 1.957(2) C4-C4A 1.455(5)
Si-02 1.915(2) C4A-C5 1.383(6)
Si-C9 1.872(3) C4A-C8A 1.416(5)
Si-C10 1.855(4) C5-C6 1.404(6)
Si-Cll 1.868(4) C6-C7 1.413(6)
01-C2 1.247(4) C7-C8 1.355(5)
N-C2 1.379(4) C8-C8A 1.421(5)
N-C8A 1.366(4) 02-H21 0.82(6)
N-C9 1.474(4) 02-H22 0.98(5)
C2-C3 1.438(5) 03-H32 0.99(5)
C3-C4 1.326(5) 03-H31 0.88(5)
Ol-Si-02 174.6(1) C2-C3-C4 117.2(3)
01-Si-C9 86.7(1) C3-C4-C4A 120.2(3)
Ol-Si-C10 90.7(1) C4-C4A-C5 121.4(3)
Ol-Si-Cll 89.5(1) C4-C4A-C8A 122.1(3)
02-Si-C9 88.0(1) C5-C4A-C8A 116.4(3)
O2-Si-C10 91.3(1) C4A-C5-C6 119.7(4)
02-Si-Cll 93.7(1) C5-C6-C7 123.0(4)
C9-Si-C10 118.7(2) C6-C7-C8 118.4(3)
C9-Si-Cll 119.5(2) C7-C8-C8A 118.7(3)
ClO-Si-Cll 121.7(2) N-C8A-C4A 116.0(3)
Si-01-C2 112.6(2) N-C8A-C8 120.2(3)
C2-N-C8A 121.8(3) C4A-C8A-C8 123.8(3)
C2-N-C9 117.3(3) Si-C9-N 106.4(2)
C8A-N-C9 120.9(3) Si-02-H21 109.4(3)
01-C2-N 117.1(3) Si-02-H22 122.5(4)
01-C2-C3 120.2(3) H21-02-H22 117(3)
N-C2-C3 122.7(3) H31-03-H32 93(4)
F;_____________Hydrogen bond lengths (Â) and angles (°) for (2.30a)
02-H21 03 0.82(6) 2.18(4) 2.598(4) 111(4)
Û2-H22-C1 0.98(5) 2 .26(6) 2.995(3) 131(3)
03-H31-C1 0.88(5) 2.22(5) 3.091(3) 172(3)
03-H32--Cl 0.99(5) 2.07(5) 3.025(3) 162(4)
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Part 6. A; Summary
Compound number 
Empirical formula 
Formula Weight 
Instrument 
Temperature (K)
Wavelength (Â)
Crystal system 
Space group 
Unit cell dimensions
Unit cell volume (A^)
Number of units (Z)
Density (calculated) (Mg m'^) 
Absorption coefficient (mm‘i)
F (000)
Crystal size (mm)
Theta range for data collection (’) 
Index ranges 
Reflections collected 
Independent reflections 
Absorption correction 
Max. and min transmission 
Refinement method on F^
Data / restraints / parameters 
G.O.F. on F^
Final R indices [I>2sigma(I)]
R indices (all data)
Extinction coefficient 
Largest diff. peak and hole
(4.39a)
C 2 4 H 2 0 O 3 S 1 1
475.09
STOE STADI4 
293 (2)
0.71073
Orthorhombic, mnun 
Pbca (no 61) 
a=  11.519(1) A a  = 90“ 
p = 90’ 
Y =90°
b = 14.684 (1) A 
c = 24.230 (3) A
4098.4 (7) A3
8
1.540
1.268
1904
1.90 X 1.12x0.34 
1.68 to 25.96
-2 <=h<= 14, 0 <=k<= 18, 0 <=1<= 29 
4651
3993 [R(int) = 0.0187]
Psi-scan
0.4211 and 0.2164 
Full-matrix least-squares 
3393/0/272
1.079
R1 = 0.0272, wR2 = 0.0693 
R1 = 0.0322, wR2 = 0.0724 
0.0026 (2)
0.697 and - 0.507 e.A‘3
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B; Atomic coordinates and equivalent isotropic displacement parameters
(A  ^X 103) for (4.39a)
Atom X y z Ueq*
Cl 0.2380 (2) 0.0804 (2) 0.1540(1) 44(1)
CIO 0.1333 (4) 0.3612 (2) -0.0128(1) 79(1)
C ll 0.0229 (4) 0.3343 (2) 0.0023 (1) 74(1)
C12 0.0076 (3) 0.2785 (2) 0.0473 (1) 55(1)
CIS - 0.0472 (2) 0.0470 (2) 0.1166(1) 47(1)
C14 -0.1616(3) 0.0421 (3) 0.1326 (1) 71 (1)
C15 - 0.2338 (3) - 0.0255 (3) 0.1125(2) 87(1)
C16 - 0.1944 (4) - 0.0884 (3) 0.0763 (2) 88 (1)
C17 - 0.0835 (4) - 0.0851 (3) 0.0604 (2) 109 (2)
CIS - 0.0104 (3) -0.0182 (3) 0.0805 (2) 89(1)
C19 - 0.0058 (2) 0.2308 (2) 0.2480 (1) 45(1)
C2 0.2979 (2) 0.0444 (2) 0.1089(1) 55(1)
C20 -0.0958 (2) 0.2663 (2) 0.2128 (1) 48 (1)
C21 -0.1803 (3) 0.3217 (2) 0.2393 (1) 60(1)
C22 0.1741 (3) 0.3350 (2) 0.2935 (1) 69(1)
C23 - 0.0075 (2) 0.2474 (2) 0.3028 (1) 53(1)
C24 0.0746 (3) 0.2100 (3) 0.3441 (1) 74(1)
C3 0.3976 (2) - 0.0063 (2) 0.1160 (2) 65(1)
C4 0.4409 (2) - 0.0221 (2) 0.1679 (2) 67(1)
C5 0.3846 (2) 0.0134 (2) 0.2133 (2) 63(1)
C6 0.2838 (2) 0.0639 (2) 0.2060 (1) 52(1)
Cl 0.1021 (2) 0.2468 (2) 0,0778 (1) 45(1)
C8 0.2124 (3) 0.2740 (2) 0.0615 (1) 57(1)
C9 0.2279 (3) 0.3318 (2) 0.0169 (1) 72(1)
01 0.0760 (2) 0.1797 (2) 0.2251 (1) 55 (1)
0 2 - 0.0938 (2) 0.2457 (2) 0.1626(1) 60(1)
03 - 0.0921(2) 0.2997 (2) 0.3257 (1) 6 6 (1)
Sn 0.0735 (1) 0.1499(1) 0.1423 (1) 41 (1)
Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uÿ tensor.
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C: Hydrogen coordinates and equivalent isotropic displacement parameters
(A2x 103) for (4.39a)
Atom X y z Ueq
H2 0.2693 (10) 0.0550 (4) 0.0724 (12) 66
H3 0.4339 (15) - 0.0286 (10) 0.0871 (13) 78
H4 0.5096 (27) - 0.0576 (14) 0.1723 (3) 80
H5 0.4167 (12) 0.0028 (4) 0.2517(14) 76
H6 0.2445 (13) 0.0883 (8) 0.2380 (10) 63
H8 0.2729 (24) 0.2544 (8) 0.0797 (7) 68
H9 0.3050 (32) 0.3153 (8) 0.0067 (4) 86
HIO 0.1441 (6) 0.4006 (17) -0.0441 (13) 95
H ll - 0.0414~(30y ”'6.3540 ( 9 r -0.0180 (9) 88
H12 - 0.0629 (25) 0.2625 (6) 0.0571 (4) 66
H14 -0.1892(12) 0.0824 (17) 0.1559 (10) 85
H15 - 0.3092 (36) - 0.0277 (3) 0.1239 (6) 105
H16 - 0.2454 (25) -0.1347(23) 0.0622 (7) 106
H17 - 0.0586 (17) - 0.1229 (26) 0.0387 (15) 131
H18 0.0625 (33) - 0.0176 (3) 0.0696 (5) 107
H21 - 0.2388 (2) 0.3483(11) 0.2190 (8) 72
H22 - 0.2301 (23) 0.3708 (15) 0.3097 (7) 83
H24A 0.0574 (5) 0.2291 (5) 0.3750 (8) 111
H24B 0.1411(18) 0.2263 (5) 0.3364 (2) 111
H24C 0.0711 (3) 0.1541 (15) 0.3439 (1) 111
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D: ORTEP diagram
cxo
C H
C9
012
C17 C8
016
0 7
018 02
08016
018 S a
02
0 14
0 4
020
cm
C l021 06
019
(4.39a)02 3
0 3 024
E: Selected bond lengths (A) and angles (°) for (4.39a)
Sn-O(l) 2.054 (2) C(ll)-C(12) 1.377 (4)
Sn-C(7) 2.139 (3) C(13)-C(18) 1.363 (4)
Sn-C(lS) 2.146 (3) C(13)-C(14) 1.376 (4)
Sn-C(l) 2.171 (2) C(14)-C(15) 1.383 (5)
Sn-0(2) 2.436 (2) C(15)-C(16) 1.353 (6)
C(l)-C(6) 1.387 (4) C(16)-C(17) 1.336 (5)
C(l)-C(2) 1.395 (4) C(17)-C(18) 1.382 (5)
C(2)-C(3) 1.380 (4) 0(1)-C(19) 1.327 (3)
C(3)-C(4) 1.372 (5) O(2)-C(20) 1.253 (3)
C(4)-C(5) 1.378 (5) 0(3)-C(22) 1.330(4)
C(5)-C(6) 1.390 (4) 0(3)-C(23) 1.359 (3)
C(7)-C(8) 1.389 (4) C(19)-C(23) 1.350 (4)
C(7)-C(12) 1.395 (4) C(19)-C(20) 1.440 (4)
C(8)-C(9) 1.385(4) C(20)-C(21) 1.422 (4)
C(9)-C(10) 1.376 (5) C(21)-C(22) 1.329 (4)
C(10)-C(ll) 1.382 (6) C(23)-C(24) 1.483 (4)
0(1)-Sn-C(7) 124.73 (9) C(12)-C(ll)-C(10) 119.9 (3)
0(1)-Sn-C(13) 116.26 (9) C(ll)-C(12)-C(7) 121.2 (3)
C(7)-Sn-C(13) 110.88 (9) C(18)-C(13)-C(14) 116.2 (3)
0(1)-Sn-C(l) 87.75 (8) C(18)-C(13)-Sn 118.6 (2)
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C(7)-Sn-C(l) 105.9 (1) C(14)-C(13)-Sn 125.2 (2)
C(13)-Sn-C(l) 105.79 (9) C(13)-C(14)-C(15) 121.0 (3)
0(l)-Sn-0(2) 71.97 (7) C(16)-C(15)-C(14) 121.1 (3)
C(7)-Sn-0(2) 83.41 (8) C(17)-C(16)-C(15) 118.8(4)
C(13)-Sn-0(2) 87.29 (9) C(16)-C(17)-C(18) 120.5 (4)
C(l)-Sn-0(2) 159.33 (8) C(13)-C(18)-C(17) 122.4 (3)
C(6)-C(l)-C(2) 117.2 (2) C(19)-0(1)-Sn 121.3 (2)
C(6)-C(l)-Sn 122.1 (2) C(20)-O(2)-Sn 110.5 (2)
C(2)-C(l)-Sn 120.5 (2) C(22)-0(3)-C(23) 119.4 (2)
C(3)-C(2)-C(l) 121.2 (3) 0(1)-C(19)-C(23) 121.6 (2)
C(4)-C(3)-C(2) 120.6 (3) O(l)-C(19)-C(20) 117.9 (2)
C(3)-C(4)-C(5) 119.7(3) C(23)-C(19)-C(20) 120.5 (2)
C(4)-C(5)-C(6) 119.6 (3) O(2)-C(20)-C(21) 126.1 (3)
C(l)-C(6)-C(5) 121.7 (3) O(2)-C(20)-C(19) 118.3 (2)
C(8)-C(7)-C(12) 117.9 (3) C(21) C(20) C(19) 115.6 (2)
C(8)-C(7)-Sn 122.6 (2) C(22)-C(21)-C(20) 119.5 (3)
C(12)-C(7)-Sn 119.2 (2) 0(3)-C(22)-C(21) 124.1 (3)
C(9)-C(8)-C(7) 121.0 (3) C(19)-C(23)-0(3) 120.8 (3)
C(10)-C(9)-C(8) 119.9 (3) C(19)-C(23)-C(24) 126.0 (3)
C(9)-C(10)-C(ll) 120.0 (3) 0(3)-C(23)-C(24) 113.1(2)
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Part 7. A: Summary
Compound number 
Empirical formula 
Formula Weight 
Instrument 
Temperature (K)
Wavelength (A)
Crystal system 
Space group 
Unit cell dimensions
Unit cell volume (A^)
Number of units (Z)
Density (calculated) (Mg m-3) 
Absorption coefficient (mm-i)
F (000)
Crystal size (mm)
Theta range for data collection (“) 
Index ranges 
Reflections collected 
Independent reflections 
Absorption correction 
Max. and min transmission 
Refinement method on F^
Data / restraints / parameters 
G.O.F.onF2
Final R indices [I>2sigma(I)]
R indices (all data)
Absolute structure parameter 
Extinction coefficient 
Largest diff. peak and hole
(4.39b)
CigHigClOgSn
433.47
STOE STADI4 
200(2)
0.71073
Orthorhombic, 222 
P2i2i2i (no 19) 
a = 9.175 (2) Â 0  = 90" 
P = 90° 
y = 90“
b =  11.165(1) A 
c = 16.586 (2 ) A 
1699.1 (4)
4
1.695
1.533
856
0 .076x0 .190x0 .190  
2.46 to 28.12
-12 <=h<= 12,-14 <=k<= 14, -21 <=!<= 21 
14477
4066 [R(int) = 0.0338]
None
Neither recorded 
Full-matrix least-squares 
4 0 6 6 /0 /2 0 8
1.073
R1 = 0.0213, wR2 = 0.0472 
R1 = 0.0235, wR2 = 0.0477 
- 0.04 (2)
Dropped to zero on calculation 
0.901 and - 0.304 e.Â-3 
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B: Atomic coordinates and equivalent isotropic displacement parameters
(Â2 X 103) for (4.39b)
Atom X y z Ueq"
CIO 0.2347 (3) 0.5883 (3) 0.1999 (2) 35(1)
C ll 0.1492 (3) 0.5481 (2) 0.1368 (2) 35(1)
C12 0.2094 (3) 0.4810(2) 0.0758(2) 32(1)
C13 0.3576 (3) 0.4518 (2) 0.0778 (1) 26(1)
C14 0.7912 (2) 0.5336 (2) 0.0289 (2) 2 0 ( 1)
C15 0.7973 (3) 0.6577 (2) 0.0166 (2 ) 29(1)
C16 0.8735 (3) 0.7038 (3) - 0.0487 (2) 39(1)
C17 0.9434 (3) 0.6285 (3) - 0 .1 0 2 2  (2 ) 38(1)
C18 0.9372 (3) 0.5053 (3) - 0.0904 (1) 34(1)
C19 0.8606 (2 ) 0.4590 (2) - 0.0252 (1) 27(1)
C2 0.9250 (3) 0.6962 (2) 0.3704 (2) 37(1)
C3 0.8336 (3) 0.7211 (2) 0.3090 (1) 30(1)
C4 0.7915 (2) 0.6263 (2) 0.2571 (1) 2 2 (1)
C5 0.8459 (2) 0.5088 (2) 0.2735 (1) 21  (1)
C6 0.9385 (3) 0.4922 (2) 0.3369 (1) 26(1)
Cl 0.0048 (3) 0.3786 (2) 0.3621 (2) 38(1)
C8 0.4463 (2) 0.4937 (2) 0.1404(1) 21  (1)
C9 0.3832 (3) 0.5626 (2) 0 .2 0 1 2  (1) 27(1)
Cl 0.6743 (1) 0.2559 (1) 0.0946 (1) 34(1)
0 1 0.9772 (2) 0.5867 (2) 0.3846 (1) 35(1)
0 2 0.7064 (2) 0.6402 (1) 0.1964(1) 26 (1)
03 0.8046 (2) 0.4195 (1) 0.2257 (1) 25(1)
Sn 0.6747 (1) 0.4668 (1) 0.1305(1) 19(1)
 ^ Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uij tensor.
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C: Hydrogen coordinates and equivalent isotropic displacement parameters
(Â2 X 103) for (4.39b)
Atom X y z Ueq
H2 0.9535 (3) 0.7596 (2) 0.4052 (2) 44
H3 0.7984 (3) 0.8002 (2 ) 0.3006 (1) 36
H7A 1.0666 (3) 0.3922 (2) 0.4094 (2) 45
H7B 1.0640 (3) 0.3465 (2) 0.3179 (2) 45
H7C 0.9279 (3) 0.3212 (2) 0.3757 (2) 45
H9 0.4421 (3) 0.5922 (2) 0.2439 (1) 33
HIO 0.1922 (3) 0.6335 (3) 0.2423 (2) 42
H ll 0.0483 (3) 0.5670 (2) 0.1355 (2) 41
H12 0.1503 (3) 0.4545 (2) 0.0323(2) ' 3 8
- H13 ' 0.3982(3) 0.4032 (2) 0.0365 (1) 31
H15 0.7492 (3) 0.7103 (2) 0.0529 (2) 35
H16 0.8776 (3) 0.7879 (3) - 0.0567 (2) 46
H17 0.9954 (3) 0.6606 (3) - 0.1467 (2) 46
H18 0.9852 (3) 0.4529 (3) -0 .1269(1) 41
H19 0.8560 (2) 0.3747 (2) -0.0178(1) 32
D: ORTEP diagram
CIS
017
C19
016
014
(4.39b)
016
03
013 07Sn
06
08 00012
02
04
09
O il
03 02
CIO
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E: Selected bond lengths (Â) and angles (°) for (4.39b)
Sn-0(3) 2.047 (2) C(6)-C(7) 1.466 (3)
Sn-C(8) 2.124 (2) C(8)-C(9) 1.394 (3)
Sn-C(14) 2.130 (2) C(8)-C(13) 1.400 (3)
Sn-0(2) 2.243 (2) C(9)-C(10) 1.393 (4)
Sn-Cl 2.4280 (6 ) C(10)-C(ll) 1.383 (4)
0(1)-C(2) 1.333 (3) C(ll)-C(12) 1.375 (4)
0(1)-C(6) 1.366 (3) C(12)-C(13) 1.399 (4)
C(2)-C(3) 1.349 (4) C(14)-C(19) 1.381 (3)
0(2)-C(4) 1.283 (3) C(14)-C(15) 1.401 (3)
C(3)-C(4) 1.417 (3) C(15)-C(16) 1.388 (4)
0(3)-C(5) 1.329 (3) C(16)-C(17) 1.379 (4)
C(4)-C(5) 1.429 (3) C(17)-C(18) 1.390 (4)
C(5)-C(6) 1.366 (3) C(18)-C(19) 1.390 (3)
0(3)-Sn-C(8) 123.46 (7) C(6)-C(5)-C(4) 119.2 (2)
0(3)-Sn-C(14) 114.09 (8 ) 0(1)-C(6)-C(5) 12 0 .2  (2 )
C(8)-Sn-C(14) 120.44 (8 ) 0(1)-C(6)-C(7) 113.3 (2)
0(3)-Sn-0(2) 76.76 (6 ) C(5)-C(6)-C(7) 126.5 (2)
C(8)-Sn-0(2) 88.15(7) C(9)-C(8)-C(13) 118.7 (2)
C(14)-Sn-0(2) 91.04 (8) C(9)-C(8)-Sn 122.9 (2)
0(3)-Sn-Cl 86.57 (5) C(13)-C(8)-Sn 118.0 (2 )
C(8)-Sn-Cl 98.90 (6 ) C(10)-C(9)-C(8) 1 2 0 .6  (2 )
C(14)-Sn-Cl 98.43 (7) C(ll)-C(10)-C(9) 1 2 0 .0  (2 )
0(2)-Sn-Cl 163.09 (4) C(12)-C(ll)-C(10) 120.4 (2)
C(2)-0(l)-C(6) 120.9 (2) C(ll)-C(12)-C(13) 1 2 0 .0  (2 )
0(1)-C(2)-C(3) 123.1 (2) C(12)-C(13)-C(8) 120.3 (2)
C(4)-0(2)-Sn 110.9(1) C(19)-C(14)-C(15) 118.9 (2)
C(2)-C(3)-C(4) 118.3 (2) C(19)-C(14)-Sn 122.3 (2)
C(5)-0(3)-Sn 115.6(1) C(15)-C(14)-Sn 118.8 (2 )
0(2)-C(4)-C(3) 123.5 (2) C(16)-C(15)-C(14) 1 2 0 .0  (2 )
0(2)-C(4)-C(5) 118.2 (2 ) C(17)-C(16)-C(15) 120.6 (3)
C(3)-C(4)-C(5) 118.4 (2) C(16)-C(17)-C(18) 119.6 (3)
0(3)-C(5)-C(6) 122.3 (2) C(19)-C(18)-C(17) 119.9 (3)
0(3)-G(5)-C(4) 118.4 (2) C(14)-C(19)-C(18) 120.9 (2)
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Part 8 . A: Summary
Compound number 
Empirical formula 
Formula Weight 
Instrument 
Temperature (K)
Wavelength (Â)
Crystal system 
Space group 
Unit cell dimensions
Unit ceU volume (Â^)
Number of units (Z)
Density (calculated) (Mg m'^) 
Absorption coefficient (mm’l)
F (000)
Crystal size (mm)
Theta range for data collection (°) 
Index ranges 
Reflections collected 
Independent reflections 
Refinement method on F^
Data / restraints / parameters 
G.O.F. on F^
Final R indices [I>2sigma(I)]
R indices (all data)
Absolute structure parameter 
Extinction coefficient 
Largest diff. peak and hole
(4.39c)
CigHigBrOgSn
477.90
STOE STADI4 
200 (2)
0.71069
‘Orthorhombic, 222’ 
‘P2i2i2i (no 19)’
a = 9.1250 (7) Â 
b = 11.3350 (10) Â 
c = 16.6230 (10) A
a  = 90“ 
P = 90°
y =  90“
1719.3 (2)
4
1.846
3.821
928
0.38 X 0.38 X 0.38
2.17 to 25.22
-1 <=h<= 10, 0 <=k<= 13,0 <=1<= 19 
2191
1968 [R(int) = 0.0083]
FuU-matrix least-squares
1 9 6 8 /0 /2 2 2
1.057
R1 = 0.0256, wR2 = 0.0641 
R1 = 0.0296, wR2 = 0.0662 
0.02 (2)
0.0013 (3)
0.455 and - 0.839 e.Â-3
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B; Atomic coordinates and equivalent isotropic displacement parameters
(Â^ X 1Q3) for (4.39c)
Atom X y z Ueq*
Br 0.1719(1) 0.7543 (1) 0.0935 (1) 53(1)
Cl 0.3428 (6 ) 0.0137 (5) 0.2726 (3) 37(1)
C ll - 0.0558 (6 ) 0.0002 (5) 0.1409 (3) 37(1)
C12 -0.1430 (7) 0.9573 (6 ) 0.0800 (4) 43(1)
C13 - 0.2905 (6 ) 0.9846 (6 ) 0.0797 (4) 52(2)
C14 -0.3512(7) 0.0501 (6 ) 0.1394(4) 57(2)
C15 - 0.2640 (7) 0.0896 (7) 0.2003 (4) 57 (2)
C16 -0.1176 (7) 0.0655 (6 ) 0.2006 (4) 46 (2)
C2 0.4351 (7) 0.9961 (6 ) 0.3362 (3) 45(1)
C21 0.5005 (9) 0.8837 (6 ) 0.3597 (4) 71(2)
C31 0.2902 (6 ) 0.0403 (4) 0.0298 (3) 36(1)
C32 0.3598 (6 ) 0.9696 (5) - 0.0252 (3) 43(1)
C33 0.2979 (8 ) 0.1607 (5) 0.0190 (4) 50(2)
C34 0.4405 (9) 0.1344(7) - 0.0991 (4) 59(2)
C35 0.3723 (9) 0.2065 (6 ) - 0.0459 (4) 62(2)
C36 0.4356 (7) 0.0154 (7) - 0.0890 (4) 53(2)
C4 0.4203 (8) 0.1952 (7) 0.3695 (4) 59(2)
C5 0.3292 (8 ) 0.2192 (5) 0.3089 (3) 49 (2)
C6 0.2886 (6 ) 0.1274 (5) 0.2569 (3) 37(1)
o i 0.3022 (4) 0.9264 (3) 0.2251 (2 ) 40(1)
03 0.4732 (5) 0.0881 (5) 0.3837 (2) 57(1)
0 6 0.2053 (5) 0.1408 (3) 0.1978 (2) 45(1)
Sn 0.1741 (1) 0.9731 (1) 0.1304(1) 33(1)
a Equivalent isotropic U defined as one-third of the trace of the orthogonalised C/ÿ tensor.
-235-
, OÎ  . . J "  .
a c y ? >ï ■ ' '* ■ ■
C: Hydrogen coordinates and equivalent isotropic displacement parameters
(Â^ X 10^) for (4.39c)
Atom X y z Ueq
H21A 0.5517 (27) 0.8933 (8 ) 0.3993 (19) 106
H21B 0.5504 (26) 0.8584 (14) 0.3229 (19) 106
H21C 0.4358 (32) 0.8365 (24) 0.3701 (6 ) 106
H4 0.4513 (22) 1.2632 (44) 0.4072 (24) 70
H5 0.2938 (25) 1.2942 (50) 0.3015 (6 ) 59
H12 -0.1052 (29) 0.9130 (33) 0.0417 (28) 52
H13 - 0.3438 (44) 0.9602 (21) 0.0417 (32) 62
H14 - 0.4361 (8 8 ) 1.0653 (17) 0.1389(4) 69
H15 - 0.2986 (30) 1.1267(32) 0.2358 (30) 68
H16 - 0.0676 (38) 1.0901 (19) 0.2361 (27) 55
H32 0.3552 (7) 0.8858 (57) -0.0187 (5) 51
H33 0.2498 (35) 1.2143 (37) 0.0580 (27) 61
H34 0.4900 (40) 1.1658 (26) -0.1419(34) 71
H35 0.3757 (9) 1.2867 (65) - 0.0533 (7) 75
H36 0.4821 (34) 0.9668 (36) -0.1243 (25) 64
D; ORTEP diagram
CiA
C U
C4C16 C6
0 3CIS 060 6
C l l
C2C lC12 C 2 l
01
C33
B rlC31
(4.39c)C36
C32
C34
C36
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E: Selected bond lengths (Â) and angles (") for (4.39c)
Sn-O(l) 2.032 (3) C(6)-0(6) 1.252 (6 )
Sn-C(31) 2.121 (5) C(ll)-C16) 1.360 (8 )
Sn-C (ll) 2.127 (6 ) C(ll)-C(12) 1.376 (8 )
Sn-0(6) 2.224 (3) C(12)-C(13) 1.381 (9)
Sn-Br 2.5549 (7) C(13)-C(14) 1.358 (10)
0(1)-C(1) 1.319(6) C(14)-C(15) 1.363 (9)
C(l)-C(2) 1.366 (8 ) C(15)-C(16) 1.364 (9)
C(l)-C(6 ) 1.405 (8) C(31)-C(32) 1.372 (8 )
C(2)-0(3) 1.353 (8 ) C(31)-C(33) 1.378 (8 )
C(2)-C(21) 1.461 (9) C(32)-C(36) 1.370 (8 )
0(3)-C(4) 1.327 (9) C(33)-C(35) 1.378 (9)
C(4)-C(5) 1.334(10) C(34)-C(35) 1.356 (9)
C(5)-C(6) 1.403 (8 ) C(34)-C(36) 1.359(10)
0(1)-Sn-C(31) 114.7 (2) 0(6)-C(6)-C(5) 123.6 (6 )
0(1)-Sn-C (ll) 122.7 (2) 0(6)-C(6)-C(l) 118.2 (5)
C(31)-Sn-C(ll) 120.4 (2) C(5)-C(6)-C(l) 118.2 (5)
0(l)-Sn -0(6) 76.0 (1) C(6)-0(6)-Sn 111.7 (4)
C(31)-Sn-0(6) 91.5 (2) C(16)-C(ll)-C(12) 119.3 (6 )
C (ll)-Sn-0(6) 87.8 (2) C(16)-C(ll)-Sn 123.2 (4)
0(1)-Sn-Br 86.4 (1) C(12)-C(ll)-Sn 117.3 (4)
C(31)-Sn-Br 99.4(1) C(ll)-C(12)-C(13) 119.2 (6 )
C(ll)-Sn-Br 98.7 (2) C(14)-C(13)-C(12) 121 .1  (6 )
0(6)-Sn-Br 162.0 (1) C(13)-C(14)-C(15) 119.0 (6 )
C(l)-0(1)-Sn 115.5 (3) C(14)-C(15)-C(16) 120.6 (7)
0(1)-C(1)-C(2) 121.8 (5) C(ll)-C(16)-C(15) 120.9 (6 )
0(1)-C(1)-C(6) 118.5 (5) C(32)-C(31)-C(33) 118.0 (5)
C(2)-C(l)-C(6) 119.7 (5) C(32)-C(31)-Sn 123.1 (4)
0(3)-C(2)-C(l) 119.8 (6 ) C(33)-C(31)-Sn 118.9 (4)
0(3)-C(2)-C(21) 114.3 (5) C(36)-C(32)-C(31) 121.9(6)
C(l)-C(2)-C(21) 125.9 (6 ) C(31)-C(33)-C(35) 1 2 0 .0  (6 )
C(4)-0(3)-C(2) 120.5 (5) C(35)-C(34)-C(36) 120.2 (7)
0(3)-C(4)-C(5) 123.2 (6 ) C(34)-C(35)-C(33) 1 2 0 .6  (6 )
C(4)-C(5)-C(6) 118.6 (6 ) C(34)-C(36)-C(32) 119.3(7)
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Part 9. A: Summary
Compound number 
Empirical formula 
Formula Weight 
Instrument 
Temperature (K)
Wavelength (Â)
Crystal system 
Space group 
Unit cell dimensions
Unit cell volume (A^)
Number of units (Z)
Density (calculated) (Mg m'^) 
Absorption coefficient (mm’ )^
F (000)
Crystal size (mm)
Theta range for data collection (“) 
Index ranges 
Reflections collected 
Independent reflections 
Absorption correction 
Max. and min transmission 
Refinement method on F^
Data / restraints / parameters 
G.O.F. on F2
Final R indices [I>2sigma(I)]
R indices (all data)
Absolute structure parameter 
Extinction coefficient 
Largest diff. peak and hole
(4.39d)
CigHiglOgSn
524.92
STOE STADI4 
160 (2 )
0.71073
‘Orthorhombic, 222’
‘P2i2i2i (no 19)’
a = 9.0987 (8 ) Â a  = 90'
b =  11.6239 (6 ) Â P = 90'
c = 16.8720 ( 10 ) A y =90°
1784.4 (2)
4
1.954
2.942
1000
1.200 x 0.700 x 0.500 
2.13 to 32.50
-7 <=h<= 13, -17 <=k<= 17, -25 <=1<= 25 
6164
5560 [R(int) = 0.0197]
Semi-empirical from psi-scans 
0.9876 and 0.5533 
Full-matrix least-squares 
5 5 6 0 /0 /2 0 9  
1.065
R l=  0.0310, wR2 = 0.0859 
R1 = 0.0335, wR2 = 0.0874 
0.04 (3)
0.0023 (3)
2.034 and - 0.854 e.A'^
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B: Atomic coordinates and equivalent isotropic displacement parameters
(Â2 X 103) for (4.39d)
Atom X y z Ueq"
Cl 0.3378 (5) 0.0197 (3) 0.2718 (2 ) 21  (1)
C ll - 0.0668 (4) 0.0057 (3) 0.1410 (2) 2 0 (1)
C12 -0.1560(5) 0.9624 (3) 0.0809 (2) 2 2 (1)
C13 - 0.3061 (4) 0.9891 (4) 0.0800 (2 ) 25(1)
C14 - 0.3661 (5) 0.0565 (4) 0.1408 (2) 27(1)
C15 - 0.2771 (5) 0.0970 (4) 0.2016 (3) 28(1)
C16 -0.1275 (5) 0.0726 (4) 0.2008 (2 ) 24(1)
C2 0.4320 (5) 0.0025 (4) 0.3348 (2) 24(1)
. C21 0.4992(6) 0.8918 (4) 0.3581(2) 35(1) -
C31 0.2804 (4) 0.0499 (3) 0.0308 (2) 2 0 (1)
C32 0.3477 (5) 0.9811 (3) - 0.0262 (2 ) 23(1)
C33 0.2883 (5) 0.1703 (3) 0.0225 (2) 26(1)
C34 0.4288 (6 ) 0.1483 (4) - 0.0977 (3) 31 (1)
C35 0.3615 (6 ) 0.2176 (4) - 0.0424 (3) 34(1)
C36 0.4217 (5) 0.0296 (4) - 0.0902 (2 ) 27(1)
C4 0.4179 (5) 0.1976 (4) 0.3677 (3) 30(1)
C5 0.3264 (6 ) 0.2224 (4) 0.3080 (2) 29(1)
C6 0.2828 (4) 0.1317 (4) 0.2560 (2) 2 2 (1)
I 0.1625(1) 0.7470 (1) 0.0914 (1) 23(1)
0 1 0.2967 (3) 0.9338 (2) 0.2242 (2) 23 (1)
03 0.4716 (4) 0.0919 (3) 0.3823 (2) 30(1)
0 6 0.1962 (4) 0.1448 (3) 0.1970 (2) 25(1)
Sn 0.1656(1) 0.9807 (1) 0.1304(1) 17(1)
Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uij tensor.
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C; Hydrogen coordinates and equivalent isotropic displacement parameters
(Â2 X 10^) for (4.39d)
Atom X y z Ueq
H21A 0.5614 (6 ) 0.9034 (4) 0.4048 (2) 42
H21B 0,5591 (6 ) 0.8623 (4) 0.3143 (2) 42
H21C 0.4216 (6 ) 0.8362 (4) 0.3706 (2) 42
H4 0.4467 (5) 1.2584 (4) 0.4019 (3) 36
H5 0.2913 (6 ) 1.2986 (4) 0.3004 (2) 34
H12 -0.1151(5) 0.9150 (3) 0.0407 (2) 26
H13 - 0.3670 (4) 0.9616 (4) 0.0383 (2) 30
H14 - 0.4680 (5) 1.0745 (4) 0.1404 (2) 32
H15 -0.3182 (5) 1.1410(4) 0.2436(3) 34
. . .  -H 16 -0.0661 (5) 1.1020 (4) 0.2415(2) 29
H32 0.3430 (5) 0.8998 (3) - 0.0214 (2) 27
H33 0.2441 (5) 1.2190 (3) 0.0609 (2) 31
H34 0.4800 (6 ) 1.1818(4) -0.1411 (3) 37
H35 0.3649 (6 ) 1.2988 (4) - 0.0486 (3) 41
H36 0.4672 (5) 0.9815 (4) -0.1285 (2) 32
D: ORTEP diagram
014 CIS
C13 C16
C6
0 6CllC12
0 6 0 4
033
03 6
S n l
0 3
01031034
02
01
032
0 36
021
(4.39d)
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E: Selected bond lengths (Â) and angles (°) for (4.39d)
Sn-O(l) 2.055 (3) C(6)-0(6) 1.278 (5)
Sn-C(31) 2.135(4) C(ll)-C16) 1.387 (5)
Sn-C (ll) 2.142 (4) C(ll)-C(12) 1.393 (5)
Sn-0(6) 2.232 (3) C(12)-C(13) 1.401 (6 )
Sn-I 2.7953 (3) C(13)-C(14) 1.401 (6 )
0(1)-C(1) 1.337 (4) C(14)-C(15) 1.390 (6 )
C(l)-C(2) 1.379 (5) C(15)-C(16) 1.391 (6 )
C(l)-C(6) 1.420 (6 ) C(31)-C(32) 1.394 (5)
C(2)-0(3) 1.362 (5) C(31)-C(33) 1.408 (5)
C(2)-C(21) 1.479 (6 ) C(32)-C(36) 1.390 (6 )
0(3)-C(4) 1.345 (6 ) C(33)-C(35) 1.396 (6 )
C(4)-C(5) 1.338 (7) C(34)-C(35) 1.376 (7)
C(5)-C(6) 1.428 (5) C(34)-C(36) 1.388 (6 )
0(1)-Sn-C(31) 115.0(1) 0(6)-C(6)-C(5) 124.1 (4)
0(1)-Sn-C (ll) 123.0(1) 0(6)-C(6)-C(l) 118.2 (3)
C(31)-Sn-C(ll) 119.9(1) C(5)-C(6)-C(l) 117.6 (4)
0(l)-Sn -0(6) 76.5 (1) C(6)-0(6)-Sn 111.5 (3)
C(31)-Sn-0(6) 90.8 (1) C(16)-C(ll)-C(12) 120.0 (4)
C (ll)-Sn-0(6) 8 8 .0 (1) C(16)-C(ll)-Sn 122.0 (3)
0(1)-Sn-I 85.90 (8 ) C(12)-C(ll)-Sn 117.7 (3)
C(31)-Sn-I 100.7 (1) C(ll)-C(12)-C(13) 119.7(4)
C(ll)-Sn-I 98.1 (1) C(14)-C(13)-C(12) 119.7(4)
0(6)-Sn-I 161.88 (8 ) C(13)-C(14)-C(15) 120.2 (4)
C(l)-0(1)-Sn 115.3 (2) C(14)-C(15)-C(16) 119.6 (4)
0(1)-C(1)-C(2) 121.9(4) C(ll)-C(16)-C(15) 120.8 (4)
0(1)-C(1)-C(6) 118.3 (3) C(32)-C(31)-C(33) 118.6 (4)
C(2)-C(l)-C(6) 119.8 (3) C(32)-C(31)-Sn 122.9 (3)
0(3)-C(2)-C(l) 120.5 (4) C(33)-C(31)-Sn 118.5 (3)
0(3)-C(2)-C(21) 113.4 (3) C(36)-C(32)-C(31) 121.1 (4)
C(l)-C(2)-C(21) 126.0 (4) C(31)-C(33)-C(35) 119.7 (4)
C(4)-0(3)-C(2) 119.5 (3) C(35)-C(34)-C(36) 119.9(4)
0(3)-C(4)-C(5) 124.2 (4) C(34)-C(35)-C(33) 120.9 (4)
C(4)-C(5)-C(6) 118.4 (4) C(34)-C(36)-C(32) 119.8(4)
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Part 10. A: summary 
Compound number 
Empirical formula 
Formula Weight 
Instrument 
Temperature (K)
Wavelength (Â)
Crystal system 
Space group 
Unit cell dimensions
Unit cell volume (Â^)
Number of units (Z)
Density (calculated) (Mg m'^) 
Absorption coefficient (mm'l)
F (000)
Crystal size (mm)
Theta range for data collection (°) 
Index ranges 
Reflections collected 
Independent reflections 
Absorption correction 
Max. and min transmission 
Refinement method on F^
Data / restraints / parameters 
G.O.F. onF2
Final R indices [I>2sigma(I)]
R indices (all data)
Extinction coefficient 
Largest diff. peak and hole
(4,46a)
C3oH25N02Sn
550.20
ST0ESTADI4 
293 (2)
0.71073
Monoclinic, 2/m, 2nd setting 
P2i/n (no 14), non-conventional P2i/c 
a = 13.077 (1) Â a  = 90°
b =  11.583 (1 )Â  
0 = 17.374 (2) Â
P = 105.43 (1)' 
7= 90°
2536.8 (4)
4
1.441
1.034
1112
1.33 X 1.045 X 0.76 ,
1.74 to 27.48
-16 <=h<= 16,0 <=k<= 15, -22 <=1<= 22 
6908
5802 [R(int) = 0.0191]
Semi empirical from psi-scans 
0.9837 and 0.6464 
Full-matrix least-squares 
5801 /0 /3 3 1  
1.136
R1 =0.0272, wR2 = 0.0721 
R1 = 0.0324, wR2 = 0.0753 
0.0096 (4)
0.548 and-0.353 e.A-3
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B: Atomic coordinates and equivalent isotropic displacement parameters
(Â2 X 10^) for (4.46a)
Atom X y z Ueq*
Cl 0.2380 (2) 0.1591 (2) 0 .2 0 1 0  (1) 40(1)
CIO 0.6307 (3) -0.1551(3) 0.1401 (1) 79(1)
C ll 0.6805 (2) - 0.1087 (3) 0.2119(1) 76(1)
C12 0.6362 (2) - 0.0157 (2) 0.2415 (1) 59(1)
C13 0.5635 (2) 0.1682 (2 ) 0.3715 (1) 47(1)
C14 0.6247 (2) 0.2621 (3) 0.4056 (1) 60(1)
C15 0.6945 (2) 0.2539 (4) 0.4813 (1) 78(1)
C16 0.7041 (3) 0.1543 (4) 0.5237 (1) 90(1)
C17 0.6430 (4) 0.0614 (3) 0.4919 (1) 95(1)
CIS 0.5739(3) 0.0685 (3) 0.4161 (1) 74(1)
C19 0.5002 (2) 0.3255 (2) 0.1847(1) 58(1)
C2 0.1371 (2) 0.1319(2) 0.1570(1) 39(1)
C20 0.5679 (3) 0.3151 (3) 0.1357 (2) 77(1)
C21 0.5940 (4) 0.4092 (4) 0.0951 (2) 107 (1)
C22 0.5514 (5) 0.5143 (4) 0.1024 (3) 1 2 0  (2 )
C23 0.4823 (5) 0.5275 (3) 0.1498 (3) 122  (2 )
C24 0.4570 (3) 0.4331 (2) 0.1916 (2) 83(1)
C25 -0.0518(2) 0.1843 (2) 0.1136(1) 42(1)
C26 - 0.0733 (2) 0.2354 (2) 0.0394 (1) 51 (1)
C l l -0 .1741(2) 0.2264 (3) -0 .0114(2) 63 (1)
C28 -0.2513(2) 0.1671 (3) 0.0117 (2) 70(1)
C29 - 0.2290 (2) 0.1159 (3) 0.0852 (2) 79(1)
C3 0.1147 (2) 0.0328 (2) 0.0998 (1) 49(1)
C30 - 0.1284 (2) 0.1244(3) 0.1376 (2) 64(1)
C4 0.0691 (2 ) 0.2864 (2) 0 .2 2 0 0  (1) 51 (1)
C5 0.1673 (2) 0.3143 (2) 0.2653 (2) 53(1)
C6 0.2561 (2) 0.2532 (2) 0.2567 (1) 46(1)
C7 0.5409 (2) 0.0331 (2) 0.1989(1) 45 (1)
C8 0.4930 (2) - 0.0142 (2) 0.1250 (2) 59(1)
C9 0.5382 (2) -0.1072 (3) 0.0955 (2) 78(1)
N3 0.0534 (1) 0.1979 (2) 0.1666(1) 42(1)
o i 0.3231 (1) 0.1016(1) 0.1934(1) 47(1)
0 2 0.3528 (1) 0.2747 (2) 0.2951 (1) 60(1)
Sn 0.4708 (1) 0.1762(1) 0.2488 (1) 42(1)
 ^ Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uij tensor.
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C: Hydrogen coordinates and equivalent isotropic displacement parameters
(Â^ X 10^) for (4.46a)
Atom X y z Ueq
H4 0.0083 (19) 0.3307 (14) 0.2257 (2) 61
H5 0.1759 (3) 0.3746 (19) 0.3024 (12) 63
H3A 0.0543 (12) 0.0292 (2) 0.0800 (4) 73
H3B 0.1338 (4) - 0.0241 (11) 0.1226 (4) 73
H3C 0.1445 (6 ) 0.0419 (2) 0.0672 (6 ) 73
H8 0.4256 (21) 0.0187(11) 0.0926 (10) 70
H9 0.5061 (14) -0.1364(13) 0.0463 (21) 93
HIO 0.6575 (12) - 0.2153 (26) 0.1224 (8 ) 95
H U 0.7434 (28) - -0.1388(14) 0.2408(13) 92
H12 0.6724 (12) 0.0159(11) 0.2929 (17) 71
H14 0.6188 (3) 0.3345 (22) 0.3762 (9) 72
H15 0.7324 (16) 0.3133 (26) 0.5017 (9) 94
H16 0.7530 (22) 0.1491 (5) 0.5752 (23) 108
H17 0.6479 (4) - 0.0074 (31) 0.5215 (13) 113
H18 0.5335 (16) 0.0045 (26) 0.3950 (9) 89
H20 0.5952 (12) 0.2464 (31) 0.1301 (3) 92
H21 0.6451 (25) 0.3994 (6 ) 0.0599 (17) 128
H22 0.5680(11) 0.5748 (36) 0.0766 (16) 144
H23 0.4565 (18) 0.5899 (41) 0.1533 (4) 146
H24 0.4114(19) 0.4426 (5) 0.2240 (14) 99
H26 - 0.0233 (17) 0.2735 (13) 0.0246 (5) 61
H27 -0.1894(14) 0.2607 (13) - 0.0613 (18) 76
H28 -0.3178 (28) 0.1616(3) - 0.0220 (15) 85
H29 - 0.2778 (21) 0.0780 (17) 0.0991 (7) 95
H30 -0.1135 (6 ) 0.0905 (13) 0.1874(18) 76
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D: ORTEP diagram
C23 C27
C4 cæC5 esta
C22 C24 NS
0 6 0 2 6 0 2 902 030
021 C l9i 02
C20
015
0 3
01013
016
0 7018
017
(4.46a)
012
0 9
C l l
CIO
E: Selected bond lengths (Â) and angles (') for (4.46a)
Sn-O(l) 2 .1 0 0 (1) C(ll)-C(12) 1.385 (4)
Sn-C(19) 2.147 (3) C(13)-C(18) 1.377 (4)
Sn-C(13) 2.156 (2) C(13)-C(14) 1.386 (3)
Sn-C(7) 2.182 (2 ) C(14)-C(15) 1.390 (4)
Sn-0(2) 2.233 (2) C(15)-C(16) 1.356 (5)
0(1)-C(1) 1.332 (2) C(16)-C(17) 1.365 (6 )
0(2)-C(6) 1.287 (3) C(17)-C(18) 1.388 (4)
C(l)-C(2) 1.374 (3) C(19)-C(24) 1.387 (4)
C(l)-C(6 ) 1.435 (3) C(19)-C(20) 1.387 (5)
C(2)-N 1.382 (3) C(20)-C(21) 1.390 (5)
C(2)-C(3) 1.495 (3) C(21)-C(22) 1.359 (7)
N-C(4) 1.360(3) C(22)-C(23) 1.383 (7)
N-C(25) 1.446 (3) C(23)-C(24) 1.400 (5)
C(4)-C(5) 1,355 (3) C(25)-C(30) 1.372 (3)
C(5)-C(6) 1.401 (3) C(25)-C(26) 1.377 (3)
C(7)-C(8) 1.384 (3) C(26)-C(27) 1.382 (3)
C(7)-C(12) 1.390 (3) C(27)-C(28) 1.367 (4)
C(8)-C(9) 1.391 (4) C(28)-C(29) 1.367 (5)
C(9)-C(10) 1.369 (5) C(29)-C(30) 1.391 (4)
C(10)-C(ll) 1.355 (5)
0(1)-Sn-C(19) 111.30 (8 ) C(7)-C(8)-C(9) 121.2 (3)
0(1)-Sn-C(13) 129.99 (8 ) C(10)-C(9)-C(8) 120.2 (3)
C(19)-Sn-C(13) 114.56 (9) C(ll)-C(10)-C(9) 119.8 (3)
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0(1)-Sn-C(7) 86.44 (7) C(10)-C(ll)-C(12) 120.3 (3)
C(19)-Sn-C(7) 104.7 (1) C(ll)-C(12)-C(7) 121.5 (3)
C(13)-Sn-C(7) 100.06 (8 ) C(18)-C(13)-C(14) 117.2 (2)
0(l)-Sn -0(2) 74.70 (6 ) C(18)-C(13)-Sn 122.5 (2)
C(19)-Sn-0(2) 90.6 (1) C(14)-C(13)-Sn 119.9 (2)
C(13)-Sn-0(2) 85.82 (7) C(13)-C(14)-C(15) 120.6 (3)
C(7)-Sn-0(2) 159.14 (7) C(16)-C(15)-C(14) 120.9 (3)
C(l)-0(1)-Sn 116.1(1) C(15)-C(16)-C(17) 119.4 (3)
C(6)-0(2)-Sn 113.1(1) C(16)-C(17)-C(18) 120.0 (3)
0(1)-C(1)-C(2) 122.3 (2) C(13)-C(18)-C(17) 121.7 (3)
0(1)-C(1)-C(6) 117.0 (2) C(24)-C(19)-C(20) 118.2 (3)
C(2)-C(l)-C(6) 120.7 (2) C(24)-C(19)-Sn 123.1 (3)
C(l)-C(2)-N 118.8 (2 ) C(20)-C(19)-Sn 118.7 (2)
C(l)-C(2)-C(3) 122.3 (2) C(19)-C(20)-C(21) 121.8(4)
N-C(2)-C(3) 119.0 (2) C(22) C(21) C(20) 119.5 (5)
C(4)-N-C(2) 12 1 .2  (2 ) C(21)-C(22)-C(23) 120.2 (4)
C(4)-N-C(25) 117.5 (2) C(22)-C(23)-C(24) 120.3 (4)
C(2)-N-C(25) 1 2 0 .8  (2 ) C(19)-C(24)-C(23) 119.9(4)
C(5)-C(4)-N 1 2 1 .6  (2 ) C(30)-C(25)-C(26) 121.3 (2)
C(4)-C(5)-C(6) 120.1  (2 ) C(30)-C(25)-N 120.5 (2)
0(2)-C(6)-C(5) 125.1 (2) C(26)-C(25)-N 118.2 (2 )
0(2)-C(6)-C(l) 117.3 (2) C(25)-C(26)-C(27) 119.2(2)
C(5)-C(6)-C(l) 117.6 (2) C(28)-C(27)-C(26) 120.2 (3)
C(8)-C(7)-C(12) 117.0 (2) C(29)-C(28)-C(27) 120.2 (3)
C(8)-C(7)-Sn 122.4 (2) C(28)-C(29)-C(30) 120.7 (3)
C(12)-C(7)-Sn 12 0 .6  (2 ) C(25)-C(30)-C(29) 118.4 (3)
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Part 11. A; Summary
Compound number 
Empirical formula 
Formula Weight 
Instrument 
Temperature (K)
Wavelength (Â)
Crystal system*
Space group 
Unit cell dimensions
Unit cell volume (Â^)
Number of units (Z)
Density (calculated) (Mg m’ )^ 
Absorption coefficient (mm )^
F (000)
Crystal size (mm)
Theta range for data collection (“) 
Index ranges 
Reflections collected 
Independent reflections 
Absorption correction 
Max. and min transmission 
Refinement method on F^
Data / restraints / parameters 
G.O.F. on F^
Final R indices [I>2sigma(I)]
R indices (all data)
Extinction coefficient 
Largest diff. peak and hole
(4.46b)
C24H2oClN0 2 Sn
508.59
STOE STADI4 
200 (2)
0.71073
Monoclinic, 2/m, 2nd setting 
P2i/n (no 14), non-conventional P2i/c 
a = 8.904.(1) Â a  = 90°
b = 15.700 (2) Â 
c = 15.290 (2) Â
P = 94.12(1)'
7 = 90
2132.0 (5)
4
1.585
1.226
1016
0 .106x0 .190x0 .266
1.86 to 24.21
-10 <=h<= 10, -17 <=k<= 18, -17 <=1<= 17 
12160
3362 [R(int) = 0.0214]
None
Not recorded 
Full-matrix least-squares 
3 3 6 2 /0 /2 6 2  
1.061
R l=  0.0473, wR2 = 0.1136 
R1 =0.0515, wR2 = 0.1159 
None
4.758 and - 0.620 e.Â-3
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B: Atomic coordinates and equivalent isotropic displacement parameters
(Â2 X 10^) for (4.46b)
Atom X y z Ueq*
Cl 0.2113(6) 0.2728 (4) 0.4541 (4) 24(1)
CIO 0.3712(9) 0.5458 (5) 0.1687 (4) 43(2)
C ll 0.3126 (8 ) 0.4846 (4) 0.2213 (4) 31(2)
C12 0.2261 (7) 0.5159 (4) 0.4588 (4) 26(1)
C13 -0.1628 (7) 0.2167 (4) 0.5717 (4) 27(1)
C14 -0.2919(8) 0.2486 (5) 0.6032 (5) 41 (2 )
C15 -0.4311 (9) 0.2132 (6 ) 0.5768 (7) 60 (2 )
C16 - 0.4424 (10) 0.1472 (7) 0.5196 (6 ) 64 (3)
C17 -0.3139(11) 0.1146 (6 ) 0.4880 (5) 60 (2 )
C18 -0.1736 (8 ) 0.1492 (5) 0.5134 (5) 42(2)
C19 0 .2 0 0 0  (6 ) 0.1902 (4) 0.7003 (4) 2 0 ( 1)
C2 0.1985 (6 ) 0.3584 (4) 0.4819 (3) 18(1)
C20 0.2405 (8 ) 0.2138 (4) 0.7862 (4) 35(2)
C21 0.3337 (9) 0.1612(5) 0.8400 (5) 44(2)
C22 0.3819 (8 ) 0.0858 (5) 0.8086 (5) 42 (2)
C23 0.3433 (9) 0.0616 (5) 0.7233 (5) 46 (2)
C24 0.2524 (8 ) 0.1135 (4) 0.6697 (4) 37 (2)
C3 0.2510(6) 0.4258 (4) 0.4341 (4) 2 2 (1)
C4 0.3370 (7) 0.3249 (4) 0.3328 (4) 32 (2)
C5 0.2844 (8 ) 0.2588 (4) 0.3771 (4) 34(2)
C6 0.3787 (7) 0.4737 (4) 0.3051 (4) 25(1)
Cl 0.4992 (8 ) 0.5216 (5) 0.3354 (5) 40(2)
C8 0.5552 (9) 0.5832 (5) 0.2823 (5) 48 (2)
C9 0.4894 (9) 0.5958 (5) 0.1990 (5) 45(2)
Cl - 0.0242 (2) 0.3640 (1) 0.7256 (1) 30(1)
N 0.3209 (5) 0.4070 (3) 0.3592 (3) 25(1)
Ol 0.1563 (5) 0.2140 (2) 0.5005 (3) 25(1)
0 2 0.1295 (5) 0.3729 (2) 0.5553 (2) 24(1)
Sn 0.0542 (1) 0.2651 (1) 0.6147 (1) 18(1)
 ^ Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uÿ tensor.
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C: Hydrogen coordinates and equivalent isotropic displacement parameters
(Â^ X 1Q3) for (4.46b)
Atom X y 2 Ueq
H4 0.3872 (7) 0.3140 (4) 0.2812 (4) 38
H5 0.2968 (8 ) 0.2024 (4) 0.3564 (4) 40
H7 0.5443 (8 ) 0.5125 (5) 0.3928 (5) 48
H8 0.6390 (9) 0.6168 (5) 0.3031 (5) 58
H9 0.5261 (9) 0.6391 (5) 0.1628 (5) 54
HIO 0.3287 (9) 0.5534 (5) 0.1104(4) 51
H U 0.2291 (8 ) 0.4508 (4) 0.2005 (4) 38
H12A 0.2716 (7) 0.5536 (4) 0.4170 (4) 31
H12B 0.2726(7) 0.5264 (4) _ 0.5179(4) - 31
H12C 0.1178(7) 0.5272 (4) 0.4579 (4) 31
H14 - 0.2862 (8 ) 0.2950 (5) 0.6432 (5) 49
H15 -0.5197(9) 0.2356 (6 ) 0.5993 (7) 72
H16 -0.5381 (10) 0.1239 (7) 0.5015 (6 ) 77
H17 -0.3208(11) 0.0679 (6 ) 0.4483 (5) 72
H18 - 0.0854 (8 ) 0.1265 (5) 0.4908 (5) 50
H20 0.2047 (8 ) 0.2659 (4) 0.8084 (4) 42
H21 0.3632 (9) 0.1780 (5) 0.8984 (5) 53
H22 0.4430 (8 ) 0.0494 (5) 0.8458 (5) 50
H23 0.3793 (9) 0.0093 (5) 0.7016 (5) 55
H24 0.2254 (8 ) 0.0964 (4) 0.6110(4) 45
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D: ORTEP diagram
CIO
C l l
C9
C4C17
C16
C6 06
C8C18
C16 C7
01C13 C3 C12
C14 C2
02
Sn
C24,
(4.46b)C19
C20
C22
C21
E: Selected bond lengths (Â) and angles (°) for (4.46b)
Sn-0(2) 2.055 (4) C(7)-C(8) 1.379(10)
Sn-C(19) 2.129 (5) C(8)-C(9) 1.377 (11)
Sn-C(13) 2.136 (6 ) C(9)-C(10) 1.367 (11)
Sn-O(l) 2.179 (4) C(10)-C(ll) 1.380(10)
Sn-Cl 2.438 (2) C(13)-C(14) 1.373 (10)
0(1)-C(1) 1.283 (7) C(13)-C(18) 1.383 (10)
0(2)-C(2) 1.338 (7) C(14)-C(15) 1.393 (11)
N-C(4) 1.360 (8 ) C(15)-C(16) 1.354(13)
N-C(3) 1.375 (7) C(16)-C(17) 1.373 (13)
N-C(6 ) 1.452(7) C(17)-C(18) 1.392(11)
C(l)-C(5) 1.403 (8 ) C(19)-C(24) 1.386 (9)
C(l)-C(2) 1.415 (8 ) C(19)-C(20) 1.387 (9)
C(2)-C(3) 1.386 (8 ) C(20)-C(21) 1.397(10)
C(3)-C(12) 1.485 (8 ) C(21)-C(22) 1.358 (11)
C(4)-C(5) 1.342 (9) C(22)-C(23) 1.377(10)
C(6)-C(7) 1.363 (9) C(23)-C(24) 1.377(10)
C(6 )-C (ll) 1.381 (9)
0(2)-Sn-C(19) 121.5 (2) C(4)-C(5)-C(l) 120.1  (6 )
0(2)-Sn-C(13) 118.2 (2 ) C(7)-C(6)-C(ll) 121.3 (6 )
C(19)-Sn-C(13) 119.4 (2) C(7)-C(6)-N 120.4 (5)
0(2)-S n -0(l) 77.4 (1) C (ll)-C (6 )-N 118.2 (6 )
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C(19)-Sn-0(1) 91.0 (2) C(6)-C(7)-C(8) 119.7 (7)
C(13)-Sn-0(1) 92.4 (2) C(9)-C(8)-C(7) 119.8(7)
0(2)-Sn-Cl 84.4 (1) C(10)-C(9)-C(8) 119.8 (7)
C(19)-Sn-Cl 96.7 (2) C(9)-C(10)-C(ll) 121.7 (7)
C(13)-Sn-Cl 98.2 (2) C(10)-C(ll)-C(6) 118.3 (6 )
0(1)-Sn-Cl 161.6(1) C(14)-C(13)-C(18) 119.0 (6 )
C(l)-0(1)-Sn 112.0 (3) C(14)-C(13)-Sn 121.6 (5)
C(2)-0(2)-Sn 114.5 (3) C(18)-C(13)-Sn 119.4 (5)
C(4)-N-C(3) 120.9 (5) C(13)-C(14)-C(15) 120.1  (8 )
C(4)-N-C(6) 117.8 (5) C(16)-C(15)-C(14) 121.1  (8 )
C(3)-N-C(6) 121.3 (5) C(15)-C(16)-C(17) 119.2 (7)
0(1)-C(1)-C(5) 124.7 (6 ) C(16)-C(17)-C(18) 1 2 0 .6  (8 )
0(1)-C(1)-C(2) 118.4 (5) C(13)-C(18)-C(17) 119.9(7)
C(5)-C(l)-C(2) 116.9 (5) C(24)-C(19)-C(20) 118.7 (6 )
0(2) C(2) C(3) 120.3 (5) C(24)-C(19)-Sn 118.6(4)
0(2)-C(2)-C(l) 117.7 (5) C(20)-C(19)-Sn 122.7 (5)
C(3)-C(2)-C(l) 122.0 (5) C(19)-C(20)-C(21) 1 2 0 .2  (6 )
N-C(3)-C(2) 117.7 (5) C(22)-C(21)-C(20) 119.8 (7)
N-C(3)-C(12) 120.1 (5) C(21)-C(22)-C(23) 1 2 0 .8  (6 )
C(2)-C(3)-C(12) 122.1 (5) C(24)-C(23)-C(22) 119.8 (7)
C(5)-C(4)-N 122.4 (5) C(23)-C(24)-C(19) 1 2 0 .8  (6 )
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Part 12. A: Summary
Compound number 
Empirical formula 
Formula Weight 
Instrument 
Temperature (K)
Wavelength (Â)
Crystal system 
Space group 
Unit cell dimensions
Unit cell volume (A^)
Number of units (Z)
Density (calculated) (Mg m- )^ 
Absorption coefficient (mm'l)
F (000)
Crystal size (mm)
Theta range for data collection (°) 
Index ranges 
Reflections collected 
Independent reflections 
Absorption correction 
Max. and min transmission 
Refinement method on F^
Data / restraints / parameters 
G.O.F. on F^
Final R indices [I>2sigma(I)]
R indices (all data)
Extinction coefficient 
Largest diff. peak and hole
(4.46c)
C24H2oBrN0 2 Sn
553.05
STOE STADI4 
200 (2)
0.71073
Monoclinic, 2/m, 2nd setting 
P2i/n (no 14), non-conventional P2%/c 
-a = 8.904 (3) A - a  = 90"
b =  16.371 (4) A 
c ^  15.104 (5) A
P = 94.45 (3)' 
7 -9 0 "
2194.9 (12)
4
1.674
2.865
1088
0.380 X 0.456 x  0.684 
2.49 to 28.16
-11 <=h<= 11, -21 <=k<= 21, -19 <=1<= 19 
18819
5136 [R(int) = 0.0763]
None
Not recorded 
Full-matrix least-squares 
5 1 3 6 /0 /2 6 3  
1.020
R1 =0.0401, wR2 = 0.0830 
R1 = 0.0649, wR2 = 0.0903 
0.0014 (3)
0.713 and - 0.965 e.A-3
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B: Atomic coordinates and equivalent isotropic displacement parameters
(A^ X 10^) for (4.46c)
Atom X y z Ueq*
Br - 0.0177 (1) 0.6281 (1) 0.7370 (1) 29(1)
Cl - 0.1667 (4) 0.7724 (2) 0.5720 (3) 28(1)
CIO 0.3779 (5) 0.9125 (3) 0.8032 (3) 43(1)
C ll 0.3300 (5) 0.8416 (3) 0.8395 (3) 44(1)
C12 0.2406 (5) 0.7873 (2) 0.7864 (3) 34(1)
C13 0.2026 (4) 0.7208 (2 ) 0.4484 (3) 25(1)
C14 0.1952 (4) 0.6387 (2) 0.4789 (2) 21  (1)
C15 0.2478 (4) 0.5746 (2) 0.4306 (2) 21  (1)
______________C16 — —  0.3220 (5 ) - -0:6709(3) -0:3237 (3)" — 38 (1)----------  ~
C17 0.2677 (5) 0.7346 (2) 0.3683 (3) 37(1)
C18 0.2266 (4) 0.4884 (2) 0.4583 (3) 29(1)
C19 0.3731 (4) 0.5291 (2 ) 0.2986 (3) 28 (1)
C2 -0.1792 (5) 0.8389 (3) 0.5155 (3) 42(1)
C20 0.3076 (5) 0.5158 (3) 0.2137 (3) 36(1)
C21 0.3694 (6 ) 0.4552 (3) 0.1624 (3) 48 (1)
C22 0.4894 (6 ) 0.4110 (3) 0.1948 (4) 54(1)
C23 0.5550 (6 ) 0.4254 (3) 0.2787 (4) 59 (2)
C24 0.4969 (5) 0.4861 (3) 0.3316(3) 48(1)
C3 -0.3193 (6 ) 0.8710 (3) 0.4881 (3) 60 (2 )
C4 - 0.4465 (6 ) 0.8364 (4) 0.5173 (4) 65 (2)
C5 - 0.4349 (6 ) 0.7717 (4) 0.5746 (5) 65 (2)
C6 - 0.2959 (5) 0.7386 (3) 0.6020 (4) 43(1)
Cl 0.2001 (4) 0.8051 (2 ) 0.6988 (3) 25(1)
C8 0.2470 (5) 0.8776 (2) 0.6631 (3) 41 (1)
C9 0.3370 (6 ) 0.9308 (3) 0.7168 (3) 49(1)
N 0.3127 (3) 0.5927 (2 ) 0.3526 (2) 26(1)
Ol 0.1473 (3) 0.7778 (1) 0.4962 (2) 28 (1)
0 2 0.1311(3) 0.6255 (1) 0.5554 (2) 26 ( 1)
Sn 0.0542 (1) 0.7290 (1) 0.6149 (1) 2 0 ( 1)
 ^ Equivalent isotropic U defined as one-third of the trace of the orthogonahsed Uÿ tensor.
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C: Hydrogen coordinates and equivalent isotropic displacement parameters
(Â^ X 10^) for (4.46c)
Atom X y z Ueq
H2 - 0.0909 (5) 0.8628 (3) 0.4952 (3) 50
H3 - 0.3269 (6 ) 0.9168 (3) 0.4493 (3) 72
H4 - 0.5429 (6 ) 0.8575 (4) 0.4977 (4) 78
H5 - 0.5235 (6 ) 0.7490 (4) 0.5959 (5) 78
H6 - 0.2892 (5) 0.6931 (3) 0.6411 (4) 52
H8 0.2184 (5) 0.8912 (2) 0.6030 (3) 49
H9 0.3703 (6 ) 0.9805 (3) 0.6925 (3) 58
HIO 0.4399 (5) 0.9492 (3) 0.8384 (3) 52
H ll 0.3571 (5) 0.8291 (3) 0.9000 (3) 52
H12 0.2076 (5) 0.7377 (2) 0.8112 (3) 40
H16 0.3683 (5) 0.6812 (3) 0.2702 (3) 46
H17 0.2737 (5) 0.7884 (2) 0.3454 (3) 44
H18A 0.2710 (4) 0.4517 (2) 0.4163 (3) 34
H18B 0.1188(4) 0.4768 (2) 0.4591 (3) 34
H18C 0.2762 (4) 0.4800 (2) 0.5179 (3) 34
H20 0.2232 (5) 0.5470 (3) 0.1909 (3) 43
H21 0.3263 (6 ) 0.4449 (3) 0.1039 (3) 58
H22 0.5289 (6 ) 0.3696 (3) 0.1593 (4) 64
H23 0.6398 (6) 0.3942 (3) 0.3008 (4) 71
H24 0.5424 (5) 0.4973 (3) 0.3893 (3) 57
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D: ORTEP diagram
C4
C21C3
C20C6
C16C2 C17ce 019, 022
014 015 028024Sn. 018
0208
0709
(4.46c)
012010'
011
E; Selected bond lengths (Â) and angles (®) for (4.46c)
Sn-0(2) 2.060 (2 ) C(7)-C(8) 1.381 (5)
Sn-C(7) 2.143 (4) C(8)-C(9) 1.399 (6 )
Sn-C(l) 2.144(4) C(9)-C(10) 1.360 (6 )
Sn-O(l) 2.184 (3) C(10)-C(ll) 1.366 (6 )
Sn-Br 2.5919 (7) C(ll)-C(12) 1.402 (5)
0(1)-C(13) 1.299 (4) C(13)-C(17) 1.400 (5)
0(2)-C(14) 1.345 (4) C(13)-C(14) 1.424 (5)
N-C(16) 1.357 (5) C(14)-C(15) 1.381 (5)
N-C(15) 1.384 (4) C(15)-C(18) 1.489 (5)
N-C(19) 1.451 (5) C(16)-C(17) 1.351 (6 )
C(l)-C(2) 1.382 (6 ) C(19)-C(24) 1.368 (6 )
C(l)-C(6 ) 1.384 (6 ) C(19)-C(20) 1.384 (5)
C(2)-C(3) 1.387 (6 ) C(20)-C(21) 1.398 (6 )
C(3)-C(4) 1.370 (8 ) C(21)-C(22) 1.350 (7)
C(4)-C(5) 1.368 (8 ) C(22)-C(23) 1.374 (7)
C(5)-C(6) 1.384 (6 ) C(23)-C(24) 1.399 (6 )
C(7)-C(12) 1.376 (5)
0(2)-Sn-C(7) 1 2 2 .0  (1) C(8)-C(7)-Sn 117.2 (3)
0(2)-Sn-C(l) 118.0(1) C(7)-C(8)-C(9) 119.0(4)
C(7)-Sn-C(l) 119.0(1) C(10)-C(9)-C(8) 121.2 (4)
0(2)-Sn-0(l) 77.43 (9) C(9)-C(10)-C(ll) 120.2 (4)
C(7)-Sn-0(1) 91.2(1) C(10)-C(ll)-C(12) 119.4 (4)
C(l)-Sn-0(1) 91.6(1) C(7)-C(12)-C(ll) 120.6 (4)
0(2)-Sn-Br 83.99 (7) 0(1)-C(13)-C(17) 124.4 (3)
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C(7)-Sn-Br 97.0 (1) 0(1)-C(13)-C(14) 117.9 (3)
C(l)-Sn-Br 98.9 (1) C(17)-C(13)-C(14) 117.7 (3)
0(1)-Sn-Br 161.32(7) 0(2)-C(l4)-C(15) 121.0 (3)
C(13)-0(1)-Sn 1 1 2 .2  (2 ) 0(2)-C(14)-C(13) 117.7 (3)
C(14)-0(2)-Sn 114.8 (2) C(15)-C(14)-C(13) 121.3 (3)
C(16)-N-C(15) 121.0 (3) C(14)-C(15)-N 118.0 (3)
C(16)-N-C(19) 117.4 (3) C(14)-C(15)-C(18) 121.1 (3)
C(l'5)-N-C(19) 121.6 (3) N-C(15)-C(18) 120.8 (3)
C(2)-C(l)-C(6) 119.2(4) C(17)-C(16)-N 122.3 (4)
C(2)-C(l)-Sn 118.4 (3) C(16)-C(17)-C(13) 119.6(4)
C(6 )-C(l)-Sn 122.3 (3) C(24)-C(19)-C(20) 121.7 (4)
C(l)-C(2)-C(3) 120.7 (5) C(24)-C(19)-N 119.2 (4)
C(4)-C(3)-C(2) 119.6 (5) C(20)-C(19)-N 119.0(4)
C(5)-C(4)-C(3) 120.0 (5) C(19)-C(20)-C(21) 118.0(4)
C(4)-C(5)-C(6) 120.9 (5) C(22)-C(21)-C(20) 120.9 (4)
C(l)-C(6)-C(5) 119.5 (5) C(21)-C(22)-C(23) 120.7 (5)
C(12)-C(7)-C(8) 119.6 (4) C(22)-C(23)-C(24) 119.9 (5)
C(12)-C(7)-Sn 123.1 (3) C(19)-C(24)-C(23) 118.8(4)
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Part 13. A : Summary
Compound number (4.61)
Empirical formula CigHigClOgSi
Formula Weight 342.84
Instrument STOE STADI4
Temperature (K) 293 (2)
Wavelength (Â) 0.71073
Crystal system Monoclinic, 2, 2nd setting
Space group F2i (no 4)
Unit cell dimensions a = 10.977 (2 ) A
Unit cell volume (A^)
b = 8.950 (2 ) A 
c = 16.443 (3) A 
1615.4 (6 )
Number of units (Z) 2
Density (calculated) (Mg m"^ ) 1.410
Absorption coefficient (mm’l) 0.322
F (0 0 0 ) 712
Crystal size (mm) 0.608 X 0.456 x  0.380
a  = 90“ 
p = 90.19 (3)' 
Y= 90“
Theta range for data collection (“) 
Index ranges 
Reflections collected 
Independent reflections 
Absorption correction 
Max. and min transmission 
Refinement method on 
Data / restraints / parameters 
G.O.F. on F^
Final R indices [I>2sigma(I)]
R indices (all data)
Absolute structure parameter 
Extinction coefficient 
Largest diff. peak and hole
1.86 to 22.50
-11 <=h<= 11,0 <=k<= 9 ,0  <=!<= 17 
2103
2103 [R(int) = 0 .0 0 0 ]
None
Not recorded 
Full-matrix least-squares 
2 1 0 3 /0 /5 3 5
1.073
R1 = 0.0229, wR2 = 0.0629 
R1 = 0.0237, wR2 = 0.0633 
0.01 (6)
None
0.201 a n d -0.170 e.A-3 
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B: Atomic coordinates and equivalent isotropic displacement parameters
(Â2 X 10^) for (4.61)
Atom X y z Ueq*
Cl 0.2607 (3) - 0.0722 (4) 0.7702 2 ) 24(1)
CIO 0.2889 (4) 0.6011 (5) 0.6334 2 ) 38(1)
C ll 0.2290 (4) 0.5313 (4) 0.5705 2 ) 35(1)
C12 0.2041 (4) 0.3787 (4) 0.5759 2 ) 28 (1)
C13 0.2768 (3) - 0.0129 (3) 0.5437 2 ) 23(1)
C14 0.1994 (4) - 0.0912 (4) 0.4910 2 ) 29(1)
C15 0.2437 (4) -0.1660 (5) 0.4237 2 ) 34(1)
C16 0.3667 (4) -0.1651(5) 0.4059 3) 39(1)
C17 0.4445 (4) - 0.0872 (5) 0.4558 2 ) 39(1)
C18 0.3990 (4) - 0.0129 (4) 0.5236 2 ) 32(1)
C19 0.1274 (5) - 0.2364 (6 ) 0.8606 3) 43(1)
C2 0.2407 (4) -0.1658 (4) 0.8340 2 ) 28(1)
C20 - 0.2399 (3) - 0.3932 (4) 0.7300 2 ) 23(1)
C21 -0.1232 (3) - 0.4503 (4) 0.7475 2 ) 25(1)
C22 - 0.0262 (4) -0.4148 (5) 0.6951 2 ) 32(1)
C23 - 0.0505 (4) - 0.3220 (5) 0.6324 3) 42(1)
C25 - 0.2588 (4) - 0.2998 (4) 0.6658 2 ) 29(1)
C26 - 0.3726 (5) - 0.2302 (6 ) 0.6395 3) 43(1)
C l l - 0.2237 (3) - 0.4524 (4) 0.9564 2 ) 23(1)
C28 - 0.1003 (4) - 0.4528 (4) 0.9761 2 ) 31 (1)
C29 - 0.0556 (4) - 0.3782 (5) 0.0446 2 ) 39(1)
C30 -0.1335(4) - 0.3004 (5) 0.0941 3) 38(1)
C31 - 0.2563 (4) - 0.2997 (5) 0.0765 2 ) 36(1)
C32 - 0.3003 (4) - 0.3741 (4) 0.0088 2 ) 28(1)
C33 - 0.2583 (3) - 0.7587 (4) 0.8585 2 ) 23(1)
C34 - 0.1970 (4) - 0.8334 (4) 0.7962 2 ) 31 (1)
C35 - 0.1755 (4) -0.9859 (5) 0.7995 3) 36(1)
C36 -0.2115(4) - 1.0669 (5) 0.8665 2 ) 36(1)
C37 -0.2710(4) - 0.9970 (4) 0.9292 2 ) 35(1)
C38 - 0.2962 (4) - 0.8447 (4) 0.9246 2 ) 29 (1)
C4 0.4489 (4) -0.1433 (5) 0.8671 3) 41 (1)
C5 0.4732 (4) -0.0511(5) 0.8052 2 ) 32(1)
C6 0.3764 (3) - 0.0160 (4) 0.7528 2 ) 24(1)
Cl 0.2413 (3) 0.2932 (4) 0.6415 2 ) 24(1)
C8 0.3030 (4) 0.3677 (4) 0.7040 2 ) 31 (1)
C9 0.3245 (4) 0.5209 (4) 0.7006 3) 36(1)
Cll 0.0246 (1) 0.0980 (1) 0.6042 1) 36(1)
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C12 -0.4754(1) -0.5636(1) 0.8958 (1) 36(1)
0 1 0.1726 (2) - 0.0261 (3) 0.7182(1) 28(1)
0 2 0.3813 (2) 0.0663 (3) 0.6889 (1) 28(1)
03 - 0.3275 (2) - 0.4397 (3) 0.7818 (1) 28(1)
04 -0.1190 (2 ) -0.5317 (3) 0.8112(1) 29(1)
0 5 0.3384 (3) -0.2013(3) 0.8817 (2) 37(1)
0 6 -0.1619(3) - 0.2643 (3) 0.6186 (2 ) 37 (1)
Sil 0.2192 (1) 0.0848 (1) 0.6382 (1) 23(1)
Si2 -0.2808(1) -0.5504(1) 0.8618 ( 1) 23(1)
a Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uij tensor.
C: Hydrogen coordinates and equivalent isotropic displacement parameters
(A^ X 1Q3) for (4.61)
Atom X y z Ueq
H32 - 0.3841 (34) - 0.3657 (40) 0.9981 (21) 24(9)
H14 0.1214 (33) - 0.0993 (37) 0.5031 (20) 13(9)
H34 -0.1649 (35) - 0.7801 (44) 0.7549 (25) 27 (10)
H37 - 0.2983 (37) - 1.0591 (49) 0.9776 (25) 38 (10)
H8 0.3391 (34) 0.3117(43) 0.7468 (25) 28 (10)
H ll 0.1962 (41) 0.5895 (54) 0.5258 (28) 51 (12)
H23 0.0041 (42) - 0.2961 (53) 0.5923 (29) 49 (13)
H9 0.3627 (33) 0.5608 (43) 0.7439 (23) 25 (10)
H16 0.3894 (37) -0.2151 (46) 0.3597 (26) 35 (11)
H35 -0.1378 (35) - 1.0289 (46) 0.7586 (25) 28 (10)
H29 0.0285 (39) - 0.3802 (50) 1.0566 (24) 40(11)
H72 0.1133(43) - 0.2249 (50) 0.9214 (33) 55 (14)
H30 -0.1083 (38) - 0.2476 (48) 1.1419(27) 41 ( 12)
H28 - 0.0443 (33) - 0.5012 (40) 0.9453 (22) 19 (9)
H38 - 0.3345 (36) - 0.7967 (46) 0.9676 (26) 32 (10)
H12 0.1695 (34) 0.3362 (45) 0.5380 (25) 25 (10)
H17 0.5262 (48) - 0.0794 (60) 0.4426 (29) 58 (15)
H262 - 0.3857 (42) - 0.2393 (49) 0.5845 (33) 51(13)
H22 0.0554 (38) - 0.4543 (45) 0.7023 (23) 34(11)
H18 0.4495 (38) 0.0302 (46) 0.5512 (24) 33 (12)
H4 0.5029 (42) -0.1729 (56) 0.9046 (29) 54 (14)
H261 - 0.4420 (50) - 0.2557 (60) 0.6680 (35) 6 6  (17)
H15  ^ 0.1881 (38) - 0.2238 (47) 0.3912 (26) 77(11)
H31 -0.3177 (38) - 0.2379 (47) 1.1089 (25) 36(11)
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H5 0.5467 (37) - 0.0139 (44) 0.7969 (23) 29 (11)
H36 -0.1956(41) - 1.1681 (62) 0.8738 (28) 53 (13)
H71 0.0599 (44) - 0.2102 (53) 0.8292 (29) 51 (13)
HIO 0.3121 (42) 0.7053 (61) 0.6255 (28) 55 (13)
H263 -0.3714 (51) -0.1169 (70) 0.6444 (33) 80 (18)
H73 0.1284 (52) - 0.3453 (74) 0.8534 (35) 84 (19)
D: ORTEP diagram
C80
C31
C37
036
E: Selected bond lengths (Â) and angles (“) for (4.61)
Molecule 1: Molecule 2 :
Si(l)-Od) 1.726 (2) Si(2)-0(3) 1.723 (2)
Si(l)-C(7) 1.881 (4) Si(2)-C(33) 1.881 (4)
Si(l)-C(13) 1.894 (4) Si(2)-C(27) 1.891 (3)
Si(l)-0(2) 1.969 (2) Si(2)-0(4) 1.971 (3)
Si(l)-Cl(l) 2.209 (1) Si(2)-Cl(2) 2.213 (1)
0(1)-C(1) 1.353 (4) O(3)-C(20) 1.352 (4)
0(2)-C(6) 1.284 (4) 0(4)-C(21) 1.276 (4)
C(l)-C(2) 1.362 (5) C(20)-C(25) 1.363 (5)
C(l)-C(6) 1.397 (5) C(20)-C(21) 1.408 (5)
C(2)-0(5) 1.363 (5) 0(6)-C(25) 1.356 (5)
C(2)-C(19) 1.463 (6) C(25)-C(26) 1.460 (6)
0(5)-C(4) 1.341 (5) C(23)-0(6) 1.347 (5)
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Molecule 1: Molecule 2:
C(4)-C(5) 1.337 (6) C(22)-C(23) 1.349 (6)
C(5)-C(6) 1.402 (5) C(21)-C(22) 1.409 (5)
C(7)-C(12) 1.383 (5) C(33)-C(38) 1.396 (5)
C(7)-C(8) 1.398 (5) C(33)-C(34) 1.398 (6)
C(8)-C(9) 1.392 (6) C(34)-C(35) 1.386 (6)
C(9)-C(10) 1.373 (6) C(35)-C(36) 1.379 (6)
C(10)-C(ll) 1.375 (6) C(36)-C(37) 1.374 (6)
C(ll)-C(12) 1.396 (6) C(37)-C(38) 1.393 (6)
C(13)-C(18) 1.383 (6) C(27)-C(32) 1.394 (5)
C(13)-C(14) 1.401 (5) C(27)-C(28) 1.391 (5)
C(14)-C(15) 1.382 (6) C(28)-C(29) 1.398 (5)
C(15)-C(16) 1.382 (6) C(29)-C(30) 1.373 (7)
C(16)-C(17) 1.372 (6) C(30)-C(31) 1.378 (6)
C(17) C(18) 1.392 (6) C(31)-C(32) 1.383 (6)
0(1)-Si(l)-C(7) 125.9 (2) 0(3)-Si(2)-C(33) 125.9 (1)
0(1)-Si(l)-C(13) 117.4(1) 0(3)-Si(2)-C(27) 117.3(1)
C(7)-Si(l)-C(13) 116.0 (2) C(33)-Si(2)-C(27) 116.1 (2)
0(l)-Si(l)-0(2) 84.2 (1) 0(3)-Si(2)-0(4) 84.0(1)
C(7)-Si(l)-0(2) 87.4 (1) C(33)-Si(2)-0(4) 87.3 (1)
C(13)-Si(l)-0(2) 90.3 (1) C(27)-Si(2)-0(4) 90.6 (1)
0(1)-Si(l)-Cl(l) 86.25 (9) 0(3)-Si(2)-Cl(2) 86.48 (9)
C(7)-Si(l)-Cl(l) 94.5 (1) C ( 3 3 ) - S i ( 2 ) - C l ( 2 ) 9 4 . 7  ( 1 )
C(13)-Si(l)-Cl(l) 98.2(1) C(27)-Si(2)-Cl(2) 97.7 (1)
0(2)-Si(l)-Cl(l) 169.43 (9) 0(4)-Si(2)-Cl(2) 169.47 (9)
C(l)-0(1)-Si(l) 116.3 (2) C(20)-O(3)-Si(2) 116.6 (2)
C(6)-0(2)-Si(l) 110.7 (2) C(21)-0(4)-Si(2) 111.3 (2)
0(1)-C(1)-C(2) 123.9 (3) O(3)-C(20)-C(25) 124.8 (3)
0(1)-C(1)-C(6) 114.2 (3) O(3)-C(20)-C(21) 114.1 (3)
C(2)-C(l)-C(6) 121.9 (3) C(25)-C(20)-C(21) 121.1 (3)
C(l)-C(2)-0(5) 117.2 (4) O(6)-C(25)-C(20) 118.0 (3)
C(l)-C(2)-C(19) 129.4 (4) C(20)-C(25)-C(26) 128.2 (4)
0(5)-C(2)-C(19) 113.3 (3) 0(6)-C(25)-C(26) 113.7 (3)
C(4)-0(5)-C(2) 121.1 (3) C(23)-0(6)-C(25) 121.8 (3)
C(5)-C(4)-0(5) 123.9 (4) 0(6)-C(23)-C(22) 122.8 (4)
C(4)^C(5).C(6) 117.0 (4) C(23)-C(22)-C(21) 117.3 (4)
0(2)-C(6)-C(l) 114.5 (3) O(4)-C(21)-C(20) 113.9 (3)
0(2)-C(6)-C(5) 126.7 (4) 0(4)-C(21)-C(22) 127.3 (3)
C(l)-C(6)-C(5) 118.8 (3) C(20)-C(21)-C(22) 118.8 (3)
C(12)-C(7)-C(8) 116.7 (3) C(38)-C(33)-C(34) 116.8 (3)
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Molecule 1: Molecule 2:
C(12)-C(7)-Si(l) 119.2 (3) C(38)-C(33)-Si(2) 119.0 (3
C(8)-C(7)-Si(l) 123.8 (3) C(34)-C(33)-Si(2) 124.0 (3
C(9)-C(8)-C(7) 121.5(4) C(35)-C(34)-C(33) 121.7(4
C(10)-C(9)-C(8) 120.0 (4) C(36)-C(35)-C(34) 120.0 (4
C(9)-C(10)-C(ll) 120.1 (4) C(37)-C(36)-C(35) 119.9(4
C(10)-C(ll)-C(12) 119.3(4) C(36)-C(37)-C(38) 119.9(4
C(7)-C(12)-C(ll) 122.3 (4) C(37)-C(38)-C(33) 121.5 (4
C(18)-C(13)-C(14) 116.0(4) C(28)-C(27)-C(32) 116.5 (3
C(18)-C(13)-Si(l) 121.6 (3) C(28)-C(27)-Si(2) 120.6 (3
C(14)-C(13)-Si(l) 122.4 (3) C(32)-C(27)-Si(2) 122.8 (3
C(15)-C(14)-C(13) 121.6(4) C(27)-C(28)-C(29) 121.7 (4
C(16)-C(15)-C(14) 120.8 (4) C(30)-C(29)^C(28) 120.2 (4
C(17)-C(16)-C(15) 118.9(4) C(29)-C(30)-C(31) 119.3(4
C(16)-C(17)-C(18) 119.8(4) C(30)-C(31) C(32) 120.4 (4
C(13)-C(18)-C(17) 122.9 (4) C(31)-C(32)-C(27) 122.0 (4
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Part 14. A: Summary
Compound number 
Empirical formula 
Formula Weight 
Instrument 
Temperature (K)
Wavelength (Â)
Crystal system 
Space group
Unit cell dimensions..................
Unit cell volume (A^)
Number of units (Z)
Density (calculated) (Mg m'^) 
Absorption coefficient (mm"l)
F (000)
Crystal size (mm)
Theta range for data collection (“) 
Index ranges 
Reflections collected 
Independent reflections 
Absorption correction 
Max. and min transmission 
Refinement method on F^
Data / restraints / parameters 
G.O.F. on F^
Final R indices [I>2sigma(I)]
R indices (all data)
Extinction coefficient 
Largest diff. peak and hole
(4.69)
C 2 0 H 2 2 C l2 N 4 S n
508.02
STOE IPDS25 
293 (2)
0.71073 
Monoclinic 
P2i/n (no 14) 
a = 9.618 (3) Â a -90.00 (2)° 
P = 112.09 (5)' 
7=90.01 (3)°
b = 9.515 (4) Â 
c = 12.622 (4) Â
1070.3 (6) Â3
4
1.576
1.455
508
0.77 X 0.77 X 0.462 
2.29 to 27.50
-12 <=h<= 11 ,0  <=k<= 12, 0 <=1<= 16 
2460
2460 [R<int) = 0.0000]
None
none and none 
Full-matrix least-squares 
2460/0/169
1.084
R1 = 0.0308, wR2 = 0.0850 
R1 =0.0321, wR2 = 0.0866 
0.0177 (15)
0.624 and - 1.203 e.Â'3
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B: Atomic coordinates and equivalent isotropic displacement parameters
(Â  ^X 1Q3) for (4.69)
Atom X y z Ueq a
Sn 0.5000 0.5000 0.000 38(1)
Cl 0.7402 (1) 0.5275 (1) 0.1754 (1) 55(1)
C ll 0.6098 (2) 0.5928 (2) -0.1041 (2) 44(1)
C12 0.7585 (3) 0.5624 (3) - 0.0859 (3) 60(1)
C13 0.8280 (4) 0.6261 (4) -0.1529(3) 72(1)
C14 0.7513 (4) 0.7200 (4) - 0.2369 (1) 69(1)
C15 0.6038 (4) 0.7501 (3) - 0.2562 (2) 61 (1)
C16 0.5334 (4) 0.6868 (2) - 0.1905 (2) 50(1)
N1 . -  0.4207 (4) - 0.7214 (2) 0.0267 (2) - 45 (1) -
C2 0.5061 (3) 0.8155 (2) 0.1076 (2) 49(1)
C3 0.4313(2) 0.9379 (2) 0.0954 (2) 54(1)
N4 0.2984 (2) 0.9207 (2) 0.Ô053 (2) 52(1)
C5 0.2970 (3) 0.7887 (3) - 0.0332 (2) 52(1)
C6 0.1813(5) 1.0258 (5) - 0.0420 (1) 75(1)
a Equivalent isotropic U defined as one-third of the trace of the orthogonalised Uÿ tensor.
C: Hydrogen coordinates and equivalent isotropic displacement parameters 
(Â2 X 103) for (4.69)
Atom X y z Ueq
H12 0.8150 (5) 0.5010 (2) - 0.0230 (4) 52(11)
H13 0.9320 (4) 0.6090 (4) -0.1350 (3) 75 (9)
H14 0.8010 (4) 0.7660 (4) -0.2810 (3) 81(11)
H15 0.5550 (3) 0.8140 (4) -0.3100 (3) 65 (8)
H16 \l4330 (3) 0.7060 (3) - 0.2050 (2) 56(7)
H2 0.6000 (3) 0.7950 (3) 0.1570 (2) 64(8)
H3 0.4560 (4) 1.0280 (3) 0.1310(3) 57 (10)
H5 0.2260 (4) 0.7540 (4) - 0.0900 (3) 77 (10)
H61 0.1040 (6) 0.9810 (4) - 0.0810 (4) 78 (15)
H62 0.2070 (6) 1.0900 (6) - 0.0800 (5) 140 (2)
H63 0.1630 (6) 1.0570 (6) 0.0080 (5) 114(18)
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D: ORTEP diagram
E: S e l e c t e d  b o n d  l e n g t h s  ( A )  a n d  a n g l e s  ( ° )  f o r  ( 4 . 6 9 )
S n - C ( l l ) # l 2 . 1 6 0  ( 2 ) C ( 1 3 ) - C ( 1 4 ) 1 . 3 7 0  ( 5 )
S n - C ( l l ) 2 . 1 6 0  ( 2 ) C ( 1 4 ) - C ( 1 5 ) 1 . 3 7 7  ( 5 )
S n - N ( I ) # l 2 . 3 0 8  ( 2 ) C ( 1 5 ) - C ( 1 6 ) L 3 8 8  ( 4 )
S n - N ( l ) 2 . 3 0 8  ( 2 ) N ( l ) - C ( 5 ) 1 . 3 1 1  ( 3 )
S n - C I # l 2 . 5 4 2  ( 2 ) N ( l ) - C ( 2 ) 1 . 3 7 4  ( 3 )
S n - C I 2 . 5 4 2  ( 2 ) C ( 2 ) - C ( 3 ) 1 . 3 4 7  ( 4 )
C ( l l ) - C ( 1 6 ) 1 . 3 8 9  ( 3 ) C ( 3 ) - N ( 4 ) 1 . 3 6 4  ( 4 )
C ( l l ) - C ( 1 2 ) 1 . 3 9 1  ( 3 ) N ( 4 ) - C ( 5 ) 1 . 3 4 4  ( 3 )
C ( 1 2 ) - C ( 1 3 ) L 3 9 8  ( 4 ) N ( 4 ) - C ( 6 ) 1 . 4 5 7  ( 4 )
C ( l l ) # l - S n - C ( l l ) 1 8 0 . 0 C ( 1 6 ) - C ( l l ) - S n 1 2 0 . 4  ( 2 )
C ( l l ) # l - S n - N ( l ) 9 1 . 1 7  ( 8 ) C ( 1 2 ) - C ( l l ) - S n 1 2 1 . 5  ( 2 )
C ( l l ) - S n - N ( I ) 8 8 . 8 3  ( 8 ) C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 1 2 0 . 4  ( 3 )
C ( l l ) # l - S n - N ( l ) # l 8 8 . 8 3  ( 8 ) C ( 1 4 ) - C ( 1 3 ) - C ( 1 2 ) 1 2 0 . 6  ( 3 )
C ( l l ) - S n - N ( l ) # l 9 1 . 1 7 ( 8 ) C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 1 9 . 4  ( 3 )
N ( l ) # l - S n - N ( l ) 1 8 0 . 0 C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 0 . 4  ( 3 )
C ( i l ) # l - S n - C l # l 8 9 . 7 4  ( 7 ) C ( 1 5 ) - C ( 1 6 ) - C ( l l ) 1 2 1 . 0  ( 2 )
C ( l l ) - S n - C l # l 9 0 . 2 6  ( 7 ) C ( 5 ) - N ( l ) - C ( 2 ) 1 0 5 . 6  ( 2 )
N ( l ) - S n - C l # l 8 8 . 7 9  ( 6 ) C ( 5 ) - N ( l ) - S n 1 2 9 . 8  ( 2 )
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N ( l ) # l - S n - C l # l 9 1 . 2 1  ( 6 ) C ( 2 ) - N ( l ) - S n 1 2 4 . 4  ( 2 )
C ( l l ) # l - S n - C l 9 0 . 2 6  ( 7 ) C ( 3 ) - C ( 2 ) - N ( l ) 1 0 9 . 5  ( 2 )
C ( l l ) - S n - C l 8 9 . 7 4  ( 7 ) C ( 2 ) - C ( 3 ) - N ( 4 ) 1 0 6 . 5  ( 2 )
N ( l ) - S n - C l 9 1 . 2 1  ( 6 ) C ( 5 ) - N ( 4 ) - C ( 3 ) 1 0 7 . 0  ( 2 )
N ( l ) # l - S n - C l 8 8 . 7 9  ( 6 ) C ( 5 ) - N ( 4 ) - C ( 6 ) 1 2 6 . 3  ( 3 )
C l # l - S n - C l 1 8 0 . 0 C ( 3 ) - N ( 4 ) - C ( 6 ) 1 2 6 . 6  ( 3 )
C ( 1 6 ) - C ( l l ) - C ( 1 2 ) 1 1 8 . 1 ( 2 ) N ( l ) - C ( 5 ) - N ( 4 ) 1 1 1 . 4  ( 2 )
S y m m e t r y  t r a n s f o r m a t i o n s  u s e d  t o  g e n e r a t e  e q u i v a l e n t  a t o m s  
# 1 :  - x + 1 ,  - y + 1 ,  - z
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